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INTRODUCTION . L7;J; Ii.::'- v :^',,. . . '. ..'.I'-^v-. - 

As we all knew^the sun warms*our Aik and provides the 
light by^ which we see. The heat it gjivts off h^a dtredt affects on any 
surface it strikes. But are the effcctV the same on all surfaces? • Do - 
? h ? effects vary, with the depth you go late the object on . which the sun- / 

.•i s _J$J^§L..iM^^ 

investigate the answers to these questions , From this data you can provide 
answers to many questions th^t architects, heating contractors, landscabara 
and environmentalists must ask before- buildings are put up " • 
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OBJECTIV ES 



1^4 




be* able to < 



At l ^ e^p6ripiant jki 

ment of tempprature ctftinga ^(jitektlsg 



determine b^me^sure 

V-..; ;=asja v 'fT^e^i : QjR of dip 

a¥t ermine' by me^surem™ 4- 
,| ;^0f v di f £mkmt Jtibifca^^p ^ ^ 



^- •^'v^^S^^ heating* .'W' 



: \ V 



\:v 



^^rmirife t^B^rnkting of; ilr 4# Wfunitiori^£ duration 1 ^ 

... . v - - ; • r. • • -. - T ; -; 'Si ■ ■ 1 




SKILLS AND KN^WLED«| YOU NEED & ^ 



How tq .measure rCelslifs temperature^ on a thermometer; metric V 
length on a '.ruler ;'. time on a w c loa^ . ^a t eh . oif stopwatch; - mas s'-"" 
on a balance- and volume a graduated qy finder. 



How to ^ plot and interpret graphs of data: 



• Y , ■ 
MATERIALS 



(■(■ 



■I 



r 



Approximately one dozen (12) styro^oam cups (19^ml work well) 

Celaius thermonieters (one is adequate |ut 3-6 are better) v 

■ ■ ■ . . ; . » • V- c - .• • . . • • 

?> One cardboard box froul t he mi mdo room* paper supply (The 12 

ream box Is approximately 20wi x 20em x AO cm and work's very 
" '/ well), * . , .. ■ , - ■ : / 



J 



'X 



0ther ; ahar rt|kntf e % masking tape £pr heav^duty paper 



Seating samples (may include loose topsoil J clay, ,fi 

;ravel»= water^ atyrc 

Die materials I* # 

Timing deviqe 



coarse, sand,, fine gravel , coarse g 
or \ any pernriable mAteri^ls) 



ine sand, 
tyro foam blocks. 



Ruler v 'or other measurtng stifek for 



\ 



th determipatiori 



Graduated, cylinc^er 
< Balance, . 



eric '* :\ 





6 EVENLY.SPACED HOLES 
iUT TO PIT SNUGWT 
190 ML; STYROPOAM CUPS; 
USE SOLID SIDE^R COVER OF BOX. 




VENTILATION HOLES 
ON ALL FOUR SIDES 



DEPTH 1 GAUGE , : V 
FOR MEASURING HEAT 
IN 1% CM. INCREMENT^'' 



METHQt| 



V 



/ 



Cut «into the box on a single ply solid side six evenly 1 - spaced 
holes V Make tjiem "large enough^ to sttugly contain the stytofoam 
. . cups. . : - . ; 1 V 

^ '■ fc * ' v.-,^ 1 -' .-. ; ■ ■• ; ■ ' ' 

Letting the six-hole face be the top , cut ventilation' holes in 
the four sides . Make them as large; as possible without,. weakening 
. the frame too much. h Hie holes should not extend so high that .., 
sunlight will strike the sides of the cups, * 

vFilA the s tyro foam cups to the level of the fiffi bulge of each 
cup. Use various substances u to gather data. All samples Jshould 
be equal and uniform temperatures throughout when '*the timing 
starts. Measure the mass of each <?up and the*pup plus contents. 
, ... By subtraction determine mass of the contents* Describe the 
* contents - as^ precisely as possible for" your data. i 

Place the framework in direct sunlight, tilting it to^g4t^ as 
^vertical' as possible illumination of the cups. 'This cannot 1 
$jbe done if , you choose to use liquids and you should comment on 
^c-hcsw failure to do it w^ll-af feet your data. 
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Measure tfye air teinp6ratare^^th a shielded thermometer , After 
Itoninueegj^-JQ^tou^fr^and^ . record the jH Hrfacebjy 



J'"- 



, 7.. 
"V- 



aratures of' each sample by care iully placing the tip of the 
• thermome ter into It In the same" fashien either carefully dig 
the thermometer. deeper lit© each sample, approximately 1 . 25cm 
ppr trial* to get fquar otl\etf 



mperature readings, or drill a 
of the same stee as the "' * 
thermometer into the sample. Try 
the thermometer is put into' it;, 
is available thje data may be*\ 
rvation even from sunrise 



f 



hole using a hall br^gowel ro 
thermometer and then place the 

note \toniis turb ttie ma'teri ^ 

l£^h^ swi : %f consftanC and- 1 , 
extended to aeveirrfj hours of o 

to sunset, ylf the full day ^dataYis , : taken~ the art temperature 
W* . be measured ^hourly as we 1 1 asHgpb s t ajiee temperatures and 
it is also recommended that the§ box surface be left horizontal 
f or ^11 readings . y - '; 



,Af ter .taking datia of temperature,; time and *depth,plot a first graph 
; as follows f . ■ ^- ' ■ • ' - 1 '■ . . J* ** f > 



Surface ten^eraturjs vs , 



b, * . On the same axes 



t*Cme for each substance , 



plot air temperature vs . 



time. 



each subs tahce aricf depth jprepare another "graph of ' '* 
temperature vs . time, . « ^ 

• -." : ■ f ' .' " , * ■ . 

Af te£ %hm data are gathered^ add ;a. measured amount of water ' to 
each cup until, it; is full. Stir to Allow for full absorption. 
: From the* water volume- and cup slge determine the pet&entage 
' air space in each cup and the densities of rach substance ' 
„ (D ^ Mass /Volume) , f V , .. e . \ 



■ ."You hgve investigated the relative absorption of -the sun's energy 

by various ; substances. It* should be possible to conclude ^ from "your data * 
which substances absorb, beat as compared to s the other substances, yoU used 



QUESTIONS 

1. 



Does the nature - of >thfe 'suti stance seeri to inflftenoe the rate* of 
heating at its surface? From ygur : data specifically qupfe the 
irate of temperature change and, comment j on characteristics of the 
substance that Wight influence this rate. * (NOTE: iou have fiata 
for the particle sllse, density of tha^sub stance, percentage dl 
air space ^n Sample, descriptive properties as well as 4 the 
tempejrature ys, time evidence. Try to gut all thife into- Jpifet) 
of speculation^.) ' , 

Ifdw^'if £t all, does d£pth influence heating? Coi^nent ,on tt 
v temperature ch^ige rate compared to increased deptti In- a 
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sample / f ^ Do t ^ 11* thte samples behave thesaine? Does density, = 
V materials seem to inf luence heat transfer? •' 

; 3; ,1'f iiypii use:d,a fluid *£or one sao^l^how .caii'Vou explain the C 

odata it gave? ' ,"" fc " 1 ' ' " • - ... * " '-'/., ■>> ' 

v - :v 1 • > v. = v ; ' 1 ; * • 

• 4. , Why were^ the instructions sp specific about the Ventilation , .• 
heler^iW their size and placement? 'What 4 effect would two 
V >.7' / ' : "etip thEeJtriesses instead' of one have on the data? ■ " : * 

/■« -5. v For . the full day, trial, does the 'time of day influence the - 
•;■ ■'■ temperature change of the substance as well as air temperaturi? 
^ Why? Do the times qf peak' air temperature correspond to the ."s 

*: :•' ■ ' *- tlmes^f peak substance temperature? flow do these temperatures 
.correspond to local solar noon? : ' < 
i 4 ' -j. > • ; • . .-■ - ■ - 4 - fc ■ ■ - 

GOING FURTHER : '*{\ 

How may "one improve the^ apparatus of the experiment? Assume 
- - — — that money Ms- no, obj &bt ^ — ~ .-- ,-- v r .~- * - 

-' \ If the bbti om of the box^Vere cut out and thfe btsx then placed m 
over grass, hard-packed dirt, concrete paying, asphalt pavement 
; \and a pan of water each in, turn 'to gather data as' in 
. r - * the original procedure, what would be Expected to nappen? Why? 

Tr,y the experiment in a pl^ce near k highly rtef lective wjallfc * 
* surface* £ % * . "" , ,'.■>-' * ^ « 

By use of ;the±mal energy equations, calculate the heat gain by 
each sataplfc and speculate 'on the reasons for J- any differences , w 
^Heat r gain* — ma^s of sample x change in^einpterature x specific 
heat of^ substance)" Ask. your teacher for data' on specific 
heat values . / * 4 \ ~" 

■substances such as canning wax 



hoi (evaporates i*api 



Try ttje s lab p^o^eHutes "with -si 

(melting point ig A quite %m0 , x r 

wood samples with holes Grille 3^nto the blocks at depth 
Intervals (try Jbc^th soft and hard woods) foam samples, metal 
pellets or ^anything that seenis promising.' BE SURE TO CHECK 

f I Til YOUR TEACHER^ BEFORE TRYING SUBSTANCES THAT HAVE ANY 
OSSIBILITY OF BEING DANGEROUS WHEN HEATED, \ 

; * . ; ■ : , . ■ \ \ 

doeiLthe sand on the beaeh change temperature with depth? 
is the moisture in it also influenced by depth? 

• — -v- v^r^r ■ : V • - - ■ - - - ■ — - ■ 

^ f * " / Why%jLn the arctic is there ice below swamps, even in midsummer? 
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Why is^ersp^ windy days? 



Why does per spira t ion coal qtij ee t s ? 
on lead drinks in hot places? -S-v.' 



does condensation form ' 
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A CUP (^SUNLI'GHT 



■. Suggested Grade Level and Discipline r ." ^ * 

*' -9-12, Science . v ! ^ * / 

, . Earth Science " , * 

Physics , \ ^ , ^ /" , * ., 

Backgroimd Inform tiony ^ 

' / % The assembly box* is isimply a passive support for the cups. In addition 
to establishing equivalent conditions for them, it also acta to minimize external 
influences oh the heat transfer bei|lg analyzed. Double thick cum further minimize the 
^ heat transfer and allow the cup to approximate quite well a closed system for absorption 
* of insolation* Since we are analyzing heat accumulation we may not modify the reflectance 
of the surfaces*. In fact, the reflection and reradiatlon of heat mm a significant 
factor in tfte, procedural analysis, the ventilation holes allow for minimizing the 
surface contamination below the cups, and the geometry of their' positioning prevents heat 
- from reaching the cups anywhere but through their tops. * """ ; 

f Inclination of the, plane of the surface of. the frame to create rays normal 

to the surface is not significant unless the rays are' far from vertical. In that case 
a significant portion of the cup will not be illuminated or, heated. In the eajp of the 
full day trials this effect will accentuate the ^educed value of, insolation 
sunrise • and sunset positions. k 



■ / 



Most thermometers .have a sufficiently long barrel to allow for tape to mark 
the penetration, depth for that part of the procedure,. * * 

. • , • : ■ _ s * 

The many factors influencing Jjeat flow in the substances may all be 
considered qualitatively* Quantitative approaches will be unsatisfying due to lack of 
pr^€ision of experimental materials, ■ V » " 

* /■ 

\ N '« " ' - 

Hints on Gathering Materials * * « 

- - - .» $ 

Check the mimep room several weeks before the lab data and take up a * 
collection of boxes. Corrugated boxes work the best, 

'" " : ~ Styrefoam cups in sleeves of 25 or' 50 are low in cost and may be obtained 
easily. 

In the pre-lab session you may solicit suggestions from students for 
substances to use in the cups but it is suggested that you provide basic 
items sueh*as sand* gravel* loam and water for use. The sand used hy 
highway departments is readily graded by sifting It through a serein window. 



Thennocoupl«e can be used by some students if they are available, 

Remember that-saturating the cup eontents-rendef s^that euV useleW far 
trial unt^ll it is again evaporated dry. Have enough materials to cover 
that contingency. . '. =v\y , ' - 

X-Acto knives must be used with care and it is suggested that you 
do the cutting yourself from a master template. 1 



Suggested Time Allotment . . * . f 

> %_One period to construct the frame and explain the purpose and procedure 
of the lab . ^ . ■ 

V . " . - Orie ^tp three days to gather data, * m \ ■ 



, Suggested Approach 



Establish the qualitative perspective and open-ended philosophy of the 
- -procedure and hypotheses. " r 

Try* to get at least two • sets of all data* to check for correspondence but 
■ strive for a variety of setups as outlined in the procedures, 

Note the dependence of your data on uniirtrm atmospherTLc 'conditions and 
be prepared with alternative lessons if the heavens do not smile on you, 

- ~' Emphasis on the GOING FURTNER section will give valuable information to 
increase the relevance qf the procedure and data, ' 

'« ■ * 

. " ■ ;\ 

.TypicaJ Results * . i ' 

'Mf fetsnfc.es temperature of diffararit materials at the surface as well 
as different depths to |em will be on the order of 5°C over a 30 minute 
; observation session In good sun. 

- „ Conduction effects will be quite good for the denser substances but those 
with high porosity percentageB will not work too well nor will convection 
in fluids give signi^l/bant depth variation. 



Precautions 



AtetaJ meat thermmeier type ihermometera may be eubaUtuted for meraury- 
bulb ansa but %n any earn aare in their use and penetration of aamplea ' 
must oe empJiashzedi — .. r 
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- * Modifications 



Sad .^^ b ^° n ^P roCe ^ ig advocated an* may be personalized 



Evaluation 



Rgfe 



This, is an exercise in inference and as such should be treated * an - 
.opportunity to -licit student opinions baaed on data they gather! Sefease 
of. a thesis is Vslgnlf leant .kill and establishment of an sPplopriSelnt 

.1 . • .... 

™?!iiJ 0n °f f Ca > n i 8! a P h » P lus a ''^'f written explanation of 
conclHsions before and after post-lab discussion, will b e . of value. 

Si 2 in -SS: ■*»■ can be determined by this as 
wexi a . s _ in 9\ a «s discussion performance, , ... . .... 



rences 



Circus of Physios with Anew&PB^ Jsarl Walkerf Wiley, 1977, 
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A SOLAR THERMOMETER 




INTRODUCTION 



Have you ever noticed that car tires often ^ seem 'flatter inledoier 
weather, than in warmer weather? Why might, this be so? Heat or lack of" 
heat affects air in. many ways. One of these will be investigated in 1 

this activity, ■ 

* • * /. t - ' * 

\" Temperature can be measured by using air that is heated or cooled. 
A solar thermometer can be used to measure air temperature* 

— - ; - .- ■ - -* ■ <=r, , - ,. . 

This activity deals with severaljrundamqntal scientific principles . 
You should have a clearer underj^anflihg of.theitf after completing the 
activity on the solar thermometer , / :' . 



• ; 
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^ OBJECTIVES ' ^ I 

■ ■ At the bompletion^of this activity /you will havei 
o x cons^fucted a gotfe 'thermometer . 
.O calibrated ^mir solar ( thennonietei' 

St i / r 

o obaerv^a the effects of ' the sun on L^i. 
» thermometer* 



SKILLS AND KNOWLEDGE YOU NEED 



You must be able to^ead a thennumctci 
You must be able to bend glass tubiny . 
You must know what calibrate meane* . 



MATERIALS 



fiff can (ditto fluid), 

2 h^le stopper* 

3 pieces-4mm glass tubing (2 piegfci 
, .4. 91cm). 

d rubbar hose ^unncutota 

strip of yr^ph papfei Zajl th^ 

4 #8 nails 

1 piet,e vjf . , .. \ 

1 funnei y 



4 b cm , 1 yii 



i ii 
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Method , 

1, Nail .the long (back) board to the short (footr^boaia. 
(See diagram*) ^ 

2, Bend the glass tubing into 2 - l shapes aud 1 ■ u ahap^ 
(See diagram, ) 

3, Connect the glass tubing with the hose coiiimctyia. 

4, Moisten and insert the thermometer into the sto^di i 

and insert one end^of glass tubing into the stopjlkr^ ftr^p the 
thermometer and glass tubipg in a cloth when inserting intv, th^ 
stopper to prevent cutting yourself if they break, 

5, Place the U shaped tubing against the back board and up ti 
firmly into place by putting the tape completely around tW u,«±4 
(See diagram* j 

6, Slzde the vegetable oil down the upeu end g£ the U aiiMped ia&m. 
a funnel to do this. 

7, Insert the rubber stopper into the tii, ^^ ik 

8, Tape or tack a paper strip to the back bu^nd aloft*..* ^ 
tube. (See diagram. ) 



\ 
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9, Cut a small vertical slotrin the end of the cardboard shield to 
the p^int that the glass tube rests on the slot with both can 
and foot board resting on*table surface. 

10^ Place the whole thermometer wilt in the mm, 

a, WAttr ®miigh£ shining only oft the tin csi but with the # 
thermometer mit shielded, wait mtli the vegetable oil level 
stabilises > put a mark on the paper scrip at She top of the 
oil level md record the tenperatUtte Indicated by the ther- 
mcmeter^ the tin cm, \ 

b. Ifcw, move the cardboard shield so that the t4 cam ia now m 
the shade, with the thermometer unit. Repeat part (a*) fihd again 
record the temperatise indicated by the thenaometer in the tin cm , 



11, Repeat this procedure varying the amount of) sunlight atrikli, 
the can, recording at least five temperaturfe /readings on the 
paper strip. 



12, Use the thermometer you have made to measured the air temperature 
in several places such as your classroom, iribide a closet, 
^ inside a refrigerator etc, Compare the temperatures you 

measured with ydur air thermometer with the temperatures 
measured with a laboratory thermometer. 

LOOKING BACK 

In the course of this activity you have constructed a simple 
thermometer that is activated by the expansion and contraction of 
in the tin can. In this case the sun's light has provided the energy 
necessary for the expansion and contraction proems. You nave calibre i 
your thermometer and collected data, 

QUESTIONS 4 

1. What happens to the air in Uie caii iL i~ ^i^, , x in t . 
sunlight? 

2, why was it necessary to slide the vegetable oil into lu, u 
tube before you inserted the rubber stopper into tHe can t 

* 3- How do you think the recorded temperatures weic ^Ui s a l, 
the amount of solar energy received by the fein wan? 

a 

4. Thermometers have always been used as inauau^ ot h_ t 
energy, Prom your experience in this activity, what oth 
form of energy could be measured by this thermometer 



15 

V 

ERIC , 



s 
) 

' 16=5 



GOING FURTHER y 

Use different colors and textures Qf paints on the a^n 

p - Extend the activity for one week, introducing variables 
such as cloud caver, barometric pressure and time of day 

Do indoors f using different energy sourw^a (rut c ? a^lo 
ultraviolet light, infrared, and white li^it,) ( 

Plot data collected on jp'aphs, w \ 



) 
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T.H E . S 0 1 A K - THERMOMETER 



Suggested. Grade Level and Discipline 

7-9 Science 
Earth, Science 



Background ' Information 

v 'The solar theraoffleur ie basically m^numetet wwuiiected to an air exp^u&io^ 
taftk (gallon can). As the air in the expansion tank is heated by the sun, the air will 
expand and. move through the connecting ^.ube to force the salad oil in the manometer 1 to 



alcohol, thermometer the apparatus can be used^ to measure air temperatures * 
*the cooling of the air in the can should produce a reverse reaction* 



Conve r sely , 



The outside color, of the can (expansion tank) may have an effect on th^ Lime 
it takes to achieve a .given temperature and the maximum temperature that can be attained. 
It is possible to have salad 5 oil forced out the open end of the tube. 

The solar thermometer is not particularly pta^Lital a uggsuiii^ device. ^ 
It is cumbersome and not very accurate,- It does, however, provide a way to examine some 
basic scientific principles. Expansion and cunttactfua t air pressure, and the effect ut 
dark surface on heat absorption are tht^e a*e ! as that can be explored using this device, 



rii n k & L>a l tie, ^ Ai-^ tu * L ^- ^ - * - 

Use edi^Ly JiUw Li t J 



k .. i Lt A i 1 



Uac sUMflg La^ie L%, Hi, i*« i. t l« b t . ^flOo^ i . i L i 

tap*, all the wa> a* UUt»d b ,ard 



ins, cacti ns. H te , line oiay be . * 
extended . 



One al^SS jjci COi ^n^l^Lb ^iiu 



t 



\ 

f'f 



Suggested Approach ^ „ * 

" Diseuil heat and its^effeets on matter 



L 

\ 



- ' Review how a therm^sfeter works 

- Discuss the diagram and method of couatru<ff;ioii . 

t . 

- Construct the solar thermometer, 

t • *" " s s J ^ V 

* Discuss the procedure calibration. Define th^ term calibration 
using examples;^ / Discuss *£th students how they are going to use the 
thermometer , { 

Provid^ students with actual hands-en use of" the solar thermometer 
and collection of data. The best results occur if done" outside, 

- Analysis and inte^prfethatlon of data collected should follow the 
activity^ f J v ) / 



Typical Results 

< - \ 4 

* «- Temperature readings will be hiifter whet* uig can ±^ xu direci 

sunlight rather than in the rfade. 



The greater the amount of inawluLi^u. ti^ ua^l^. . i. 
temperature* * — 



F^ecautiot 



toueZ fco t^d tubing .nd Lulriti t<£ i. tch hiiiy di, 

4 glyami-in or water 



Modl£ IcaL iOllo 



^» Cltiar plasti* c i i. . 

for the gias^s tubing in ih. U LuL 



Evaluation 

Check student § ' eipii^t 



- Check students 1 anaweid tu ih 

) ■ 



/ 

lb 




INTRODUCTION 



'%ui i wa^i ia everywhere and it yuu fama >^ 51i l * i i 
just di^ a hole in the ground mid make yourself u. stil 



In many parti of the world water is an abundant and vaiiwbU 
lural resource. Its presence iij streams, lakes, rivers, oceans, pola, 
ice! caps > the atmosphere, and the ground, means that water is everywhere 
on ifearth. 



Despite all of the water around us we still hear warning© d nd 
complaints about water shortages, Such shortages can become severe 
enough to c&Use crop failures during droughts and death to inexperienced 
travellers in. an arid region. If you were ever faced with the crisis of 
thirst, in a^desert region, you might use simple steps to .survive . 
J \ 

In tftis activity you will construct a still which use^ s^u, 
energy for its operation. 
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v- - 1 ■ c r ' iv ;• 1P**> ■ : .. / 

owectiveI . . , V- ^ , ^ i 

. ■' ' At the cooplfttlcm/Q^cehla ^ctiyity^ yon shdiild We abjle tp: j " *' *» f * 
fa, build and use a scrapie solar still.' . 
lo fr suggest possible practical applications for a sola* spill. 
* 9 t understand the principle of distillation, 
o " test for the presence of water r • 

• • • » •* 

SKILLS AND KNOWLEDGE YOU NEED 

How to follow direction^* 
^ - How to read a thermometer , 

How t© g^aph datfl^^ « - y 
v - How to interpret data. 



/ 

L 



MATERIALS 



V 



a,g i? plastic^ storm window covering . * 
Several fist size ruaks , 

A 

Calibrated 
Shovel, t 

- Two tharmometsi.tf { iu u c Cu nu\ _.k, , 
Timing device (wik^^LLh , S Lu^riatth) 
Piece of cardboard u wov.l ^ y £ the U 4 . 
Graph paper. *, 
Graduated cylinder* 

Cobalt chloride test pap^ . .u^r M . , u 
water . 

Protractor 
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thermometer should 




METHOD 



4 . 
5,, 



Dig a' Uvl<t about bu^, i.. ....... k ... Jt ., 1 , , a . A 

fhe soil tu one side . Center 'the col iecti..g vLsel if." it, 
jbotEom of- the hole, 



Place the piece of pla 
one -edge with small 'rocKs , 



In, i «i 4 J Li l>» i 



dii, nor 



Place one a mail rock In the i,cnui .«* . 

over the collecting vessel, and aliow the plastic to at. etch 
to At least a 34 angle from ch^hori^ont^l 

Seal th6 /bdge u£ U*e plastic wi ph soli dukd a.^il . ^Ci .. 

Insert ame thermumeter utider the ^lastly ^t*eet with it. . * 
extending into the air chamber, and posiLioned so tt.at he u 
can be^read, 

Place the Qtha& ihoiQiOUieLei Ufcai ths ^Ul ^tiJi will, il.,. I,uj|. 

covered by cardboard (as shwwn i 4l ttu diagram), and pwaitioned 
so that the sca^le can be read. 

Simultaneously record th^ uuipataiui^ i. t# it. < *. *.k i 
the outside .thermometers at two-minute intervals, Construct 
a data table to record your results 
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' . At ^ the end/of 20 minutes / carefully remove the plastic shield 

an£ retrieve the calibrated collecting vessel, Pour intp the ' 
graduated cylinder to cheek the original* reading and record 
the amount ; of liquid collected In ml. " . 4 

^ -* . 

Check the liquid collected to determine its identity * cobalt 
chloride paper may be use*!. 

10, n Construct two graphs with time on tfiex-axia and the temperature 

readings on the y-axis , using the .same scale, 

*i 

4to - 

a. Have graph I represent toe outside , thermometer reading vs, 
two minute intervals , ! 

b - Have graph II represent the inside thermometer reading vs. 
two minute intervals , 

11. The hole should be filled in when the activity is compku. 

LOOKING BACK 

You have seen that it is possible to get w^Ler trom dry §uii 
using a^ery simple technique. The evaporation and coodensatiGn of waui 
using the s\m is a very useful process for producing distilled .water . * 

QUESTIONS 

* 1, Where did the waUi ±±*um ttouilf 

2. Why did 1l collect on Lh<± undei 

3. Why di^ij. drip into the tuilegLi lift, ./e^ 1 ? 

4. Compare graphe i and 1L Aj, e they yimi iai , fi UL 1, . 
Explain 

5. How did suiar cuaigy tauac L y w^*-i**iwi 

6. Mow did the L^mperaLare dlj.£ej*«iice intlucnwc Lh^ * 

^ ^ water collected? 

GOING FURTHER 

Repeat the activity m tt , i*„ -^.t..., * , iu. * 

as a function of tiu*e. 

Repeat the same activity with « wuan a ^ i ii , u i ___ „i u„ i, 

a much deeper, nairowe* iiOle, o, ti wid t .r , ai.aliowi. i, , a 
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4 ^ 
Discuss some practical usas for solar stills 

Check for ^the purity of the water obtained. 

Check for bacteria. 
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. BUILDING A SOLAR STILL 

» 

Suggested Grade Level any Discipline 

7-9 Science 
Earth Science 
Outdoor Educatiun 
Descriptive Chemistry 



Background Information 

Stills uaed U puLlty liquids f yi v^i^us ^ „ * ^ Q _ U. fr „„ 6 i. « pl^ce*^ 

of evaporating and condensing liquids, non=vola,tiie impurities can .... separated from 
the liquids to make them usable igr desired activities* 

Soil always contains saiae moisture although U .aun , 
By digging a hole in the ground and covering the hole with a transparent mate. iai , ti. 
temperature in the hole will go up dramatically and the moisture from the soil wiiyft 
vaporize. As the water touches the cooler undersurface of the plastic, it will coSen*. 
and run down the plastic to drip into the container. This if* * guud mavKal Lte.hrilq 
to knov* as.Wttli a s a demons t ration of ba4ic acientiti,. pili^l^ Lg, 



hi 



eliminates the need to ppur tLe dtter ti & ih A coll^ 
a graduated cylinder 

0 

rid 9 ii, si^u, «i4..i,. w „i ^uing w„ t i , , . 



One titjsa ^ t , , ^ 

I 

Oiit; illasa ^1 1,'J ^ia^tlLi 6 dl& ..*,&( ., 

Divide the clask ill g.^i*!^ £ t^ur ui fivi 



si I 

i 
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I / = Each student should help with an aspect of construction of the still. 
Divide the latfora so that the construction takes a minimal amount of 

■*V ^ time, 1 ^ 

■ * 

In order to compare results* each still must be eimllsr to the uthet 
stills in construction and^orientation^ 

Compile the data from all the stills and discuss the trends that seem 
evident* A discussion of the ^control of variables should be part of 
this lesson, 

• • ( ' 

Typical Results 

Sunny days close to the summer solstice will pioduue must dramatic usuUb, 

Precautions 

* Fill in th& kale am soon cm the ejsp&p-iment l& a^nu Ls ^j, 

Make oure the elope of the p last-Co aov&T touards aanker la gr*utei* than 64° 
If *it is no.t> water will not drip into the aolimating vessel. ' - 



Modifications 



JjfraJ.ua t ion 



If desired, this activity cmi b e Jou, with M i^^e ^.ui-.-.j l^a in p i4 
of the hole. In this setup the ^oil ^ust Le moistened . 

Another varidtiui. might be the ^dJiuon of f w J tg iuiiy s 
and/or salt to the pan uf watei-. Your students could th^ 4l 
observe the collection of fresh water from contaminated wa tei 



Have students pie^i^ uu .«^^iu«siU i^ut* WluJi»* 6 a^ta ^a^i.- .... ,^ 
responses to question^. 

Use a performance evdiusL i^u b^ata itiidtLau.-ii.^ i utt .^i*,, , . ^. 
operation of a solar still. 



References 

Solar gnmFgy, li_ AuaL,.ii a fe,.. 



ERIC , 



DRAFT ,-Auivnv 18 



CLOUD COVERING AND ITS EFFECT ON AVAILABLE 
INCIDENT 






) 



INTRODUCTION 

This i n..... 

level. You will observe cloud co. m . u.ak . u 1 u i m, t * . rifaQint; 
Che data, plot a graph a..d det imine he i.aulls of th. infarra 
obtained. ! . 



t i 



'-'--. J- •• ■-■ ■ V ; ';' ■ ,■ • 

OBJECTIVES ; . 

At the completion of this activity** you shpuld he able to: 

o operate a solarimeter . * i 

y , © construct a graph from the dip a, * ■ ' 4 ■ 

o draw inferences from the daDal 

u - ' - ,fi > S .: ' ' "■ " 

• ; ; V, o v demonstrate an understanding *of the effect of cloud 

covering oi\ the available inei4ent sol^r radiation. 

; - * ' : ^ V*: '' ' , ■ :■/'-< X - ■ . 

SKILLS AND KNOWLEDGE YOU NEED v 

. . % Be able to accurately read a meter, t 
■ y . Observe, arid estimate cloud £ gv ey : ; / " « 

Keep accurate and neat notes. . * . 

• $ • • • • ' '. ■ • . 

y Be able to calculate percentages- 

; ■ ; \ '\ ' v ■ * 4 , . ■ . ,7 

■ * ' =»*.=' 
MATERIALS * * ^ 

* Solarimeter, 

Graph paper and pencil. 




METHOD 




In order to h^ve valid results you murt take accurate data and 
notes. Prepare a data sheet to include the following: 
observer 1 & name , the location, date, general cloud covering, 
the time each meter reading is taken, the meter readings, and 
the cloud cover between the sun, and the meter at the * moment 
the reading is made. : j- 

Data from one class period will be sufficient if the clouds are 
spaced so that both direct and overcast (indirect) sunlight are 
observed. Additional readings can be made over a longer period 
for even better results .-> The solarimeter should be located 
aw§y from shadows and bright objects. It may be bpst to have 
the meter at or close to eye level. The solar cell must be 
horizontal^ The observer should not interfere with the light. 
• - , * i , 

-* 
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•V. 5 Using th<p Mtei readings on the vertical scale and the time on 

the horizontal scale plot the data on graph paper, Determine 
the f relationship between the cloud cover and. the meter; reading. 



LOOKING BACK 

. Using the data collected, you should be able to find a 

relationship between the incident radiation^ measured and the cloud cover , 



QUESTIONS / 

. 1- What is the maximum reading recorded? 
2. Whit was the elbud cover at the time of thm maximum reading? 
"3. What was the lowest reading recorded? 

4* What was^the cloud cover at the time of the # lowest reading? 



A^^^MJ^SSOL Clouds jca^ to JErpnt of the sun, why. didn't (wouldn - 1>) 
the reading go to zero? 



6, * Calculate the percentage of time the aim was clear of clouds* 

7, Calculate one half (50%) of the maximum reading. """" ~~ 

8, Calculate the percentage of time the readings were below the 
50% level. . . 

9V In general, what is the ' relationship between cloud cover anifr 
the amount of solar radiation striking your meter? 

10, Do you feel that there is enough available sunlight in your 
-area for solar use? (Do you have* enough' data to make a good 

, ■ estimate?) - 

11, Was this type of day typical for your location? 



GOING FURTHER 



Data may be collected over a longer period of time - like a 
full day, week or more. ^ 

Keep, a record of just the amount of cloud covering for* a long 
period of time to he lp determine the ...availability" of ...sunlight. 
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Information may he availab le for your area dn tlie amount of 
cloud covering for the yefir. Write your state capital or, the 
-Ujrirte d-Stat ea^#a#he^ - , 

■ :. '#• •• ■.."...-v-. ' " - • " r .... . 

Readings can be taken earlier in the morning and through 
the afternoon to see if the position of the sun has ^an effect 
pn the radiation, . ' " . 

Data may also be obtained fof different times of the year to 
see ^f the values change witfi the seasons . 
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Teaehef Information Sheet 



G LOUD COVERING. AND * IT S E F F t E C T ON 
A V A II ABLE I N C I DENT S 0 LA R RAD I AT I ON 



Suggested Grade Level and Piacipllne , ^ 



7-9 Science 
Earth Science 



Background Information 



The use* o£ solar energy as a dependable energy source assumes that the sun's 
direct energy. is available for a large percentage of the daylight hours over a period 
of years* Many fie tors affect . the amount of direct sunlight that reaches the earth's 
surface, one of waieh is the extent* and duration of cloud cover. ' 

Thia Wtivity will investigate the effect cloud cover has on incident 
solar energy . % A solar cell will be used to perform the solar energy ^measurements. 
Cloud types and* the extent of cloud cover are defined in several weather bureau 
publications. ' The longer time period for data collection the wore accurate will 
he the inferences that can^i made about the effect of elSSds on incident solar radiation* 



A set of sample I data Is Included » should the weather conditions not allow' 
the student to obtain good qata. r . • 

. \ . ■ v. • • ■ . 

• - * ' - . ' •• • " ' 

Hints on Gathering Materials 

' ° . ! — — \ . V 

\\ — . ■ A plan for a simple solar imeter Is given in the hardware section of this 
document. A photographic light meter could also used. 

Suggested , Time Allotment 

• ' . "* ' - k ■ _ ' ■ • 

>' One class period to collect data. 

One class period to graph data and discuss the results. 

. '..= . - * ■■ 

Suggested Approach ' 

- Divide the class into groups of two or three students. , 



Have each student prepare a data sheet prior to starting this activity. ■'' ;f k: 



The activity should be done outdoors away from obstructions, 



18-6 



A,, 



IffSM day la eo^letely overcaiti ''vfety' .'£ew ! di|a\ points will be*' 
sufficient, Tb<i . activity should he continued for anetfier class period, 
however, when the sun is shining directly and the clouds are intermittent, 

Each student should colleqt^tlie data and prepare-the graphs^and^then^iae-thf 
graphs to help answer the questions. 



\ 

Typical Results 

\?f' Time 

lOxOO/apm. 
■ , 10:05 
10:10 
10:15 
10:20 
10:25 
10:30 
10:35 
10:40 
10:45 



If solarimettrs or light meters a^^Qt^vailable in quantity, one or 
I .two groups can collect the data the class to use. 



Meter Reading 
60 

• 60 

41 ' . . 
25 

^ 30 ; 
\ 28 
52 
. 62 
62 

. 45 : ..... 



* Rftrorks "1 , 
Clear:. 

Clear; , ^ ,. « 

GlArtByedge ^ver gun 
re loud, oyer sun 
[cloud bv^r pun 
[cloud over sun 
L©!4d over sun 
CilW^ 
Cleal 

Thin HBbud ' over s un 
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Precautions 
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Wcsm Btudmts not to took directly dt the em*, 



7 



Ho'dtf icatiQna 



Light meters may be substituted for solarimeter s . Be sure tpey have a 
scale that will read direct sunlight . * *■ . >J 



Evaluation 



During this lesson many questions can be asked by the teacher. , In addition, 
enough tine is available to observe and question the students during 
the experiment and graph weft. 'Accuracy and neatness of the data along with 
the plotting of the graph and the calculations may also be used to 
evaluate the students* - . 
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• ; D RAFT - activity B - 

DETECTING SOLAR ENERGY 




INTRODUCTION ' 

Sola* energy is energy radiated from the sun. This -energy travel 
through space in ail directions. The earth .receives*, only a small portion 
of this energy, mostly in the farm of light*. i 

How can we detect the presence of solar energy f '} ZX^y^A:;''^ 
We know that our skin and clothes feel warm when we stand in tin©* sMlight : 
We also know that our houses tend to be warmer on sunny days, "guff the key 
to detecting solar energy is remembering that energy 'is defined as the 
^iljtty^ £^ toTj "see" the ^work done 

By solar energy is called a radiometer. By using a radiometer similar to 
thp one pictured above , we 5 can detect the presence of r absence of solar 
energy, and we can 4 e t erm i^e when we have different amounts* of it. 
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OBJECTIVES / \: ' 

, At ttie Qowplition of this activity you should be able to :. 

; ° ■•desfcri.ibe the appearance of a>paddi^ type radiometer, 

yft... Q ' • esp lain thj^pur^Q^ji^^^the^yadt ome ter^— " • 

o distinguish be t^feen the presence and the absence of 
light hf means of the radiometer. 

o distinguish between high and low levels of sunlight 
use of the radiometer. 

demonstrate that radiation from the sun can do work, 
devise a definition of solar energy, * = 



sim- 



by 



o 



SKILLS AND KNOWLEDGE- YOU NEED 

. , # K ,«. • • 

How to follow directions . 



V 



MATERIALS 

./*- ; Paddle type radiometer. 



Square pieces of cardboard (or black construction paper) 
30 cm on a side. 



A can .large enough to fit over the radiometer. 





METHOD 




1, Examine the radiometer carefully to see how it is constructed; 
especially the paddles * 

2* Place the radiometer on a table in sunlight. Observe what 
happens f and record your observations . 
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Use, the cardboard pieces to partly shade the /radiometer from 
the sunlight. Observe what happens arid r§ cord your observations 

Use the cardboard pieces to completely shade the radiometer* 
Vfrcftfr; the sunlight ■ Obaerve^hat^^appens r and— reeord^your - u - T > 



observations , 

■ • • '■ ' » '**.•?"■ • ■ * .•" " ' ■ 

5. Place the coffee can over the radiometer in the sunlight. 

Leave the can over it for a few ininutes, ,then remove it quickly, 
Observe the paddles thtf instant you ritaove the can* Record 

#* your observations, 

LOOKING BACK . 4 

'■ ■ , • , ,'. - • ," ' ■ " ■ • • 

The radiometer is just one single instrument which can detect 
the presence of s'blar energy * By the rate at which its paddles turn, it 
can give ^du spme idea of the amount of solar energy present . The radio- 
teeter can show that sunlight is energy. 

QUESTIONS 

1. Describe the appearance of the radiometer, 



2, Wl^at are the differences in the: two sides of each paddle in 
v the radiometer? t / 

3, What happened a) when the • radiometer was placed in the sunlight? 
? b) when it was partly shaded? y c) when was completely 

shaded? d) when it was jusfe-removed frOTi under the /can? 

4. In which direction does /the paddle wheel spin, daifk sides 
facing forward or light sides facing forward? 

5. Undey what light condition did the radiometer paddles spin the 
fastest? the slowest^not at all? 

6* ^ How does the radiometer detect solar energy? 

7. How does the radiometer shew that sunlight is energy that can 
do Work? (Hiritr What is work?) 

8. " Based on what you have learned, in this activity, write a 

definition for solar energy. 

GOING FURTHER 

■-' We have demonstrated that the radiometer can do work. But we 

have no idea how this work is done. By recalling the differences 
in the twa sides of each paddle, can you explain what causes the 
— paadle Co turri in the sunlight? ^ r ^ ' ' " 



ma. 



How do you think the radiometer would work if the inside was 
a perfect vacuum? 
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Teacher Information Sheet 



D E T; E C T IN 6 SOL A R ENE R.jG Y 




Background Information 



J 



^The radiometer is a simple instrument which illustrates clearly that sunlight 
is a form of energy* It can also be used to compare roughly various intensities of light 
by the rate of rotation of its paddles, 

^ The atmosphere inside the radiometer is a partial ^vacuum, so the air molecules" 

left Inside the radiometer are able to move about much more ^freely than these •outside* 
Each paddle has a light-colored side and a dark colored side The light colored side* 
does not absorb as much solar energy and it is clearly the cooler side , and the dark side 
is the warmer side. When the air molecules strike , the dark side, they take on a great 
deal of energy arid bounce away a t k high speed* The result is that the paddle wheel 
^ ,8 *i 8 ^ " >Dwa8, . tbe faster molecules "kick away 1 ' from the dark sides of the paddle 

v The greater the light intensity, the more energy there is to* be absorbed 
by the dark colored 1 ' sides to "heat" them up. Thus, the air molecules bounce away faster 
as the light intensity increases, making the radiometer paddles turn faster* ' J 

The dark sides of the paddles are actually absorbing infrared radiation, 
causing the surface molecules to store heat by ^their increased kinetic energy* This 
Increased kinetic energy id transf erred to the air molecules when they -strike the dark 
sides of the paddles and causes the ^'kicking away" effect, * 

Hints on Gathering Materials -i ' *■ 

' •' 4 * 

- Have, cardboard squares pre^cut* , - 

Students can bring in coffee cans. 

■ . - . , ^ ' f ■ 

Suggested Time Allotments * , . - ■ *■ ■ r , 

~ Ito 2 class periods, depending on whether questions are answered in or 
out of class, and depending upon the amount of class discussion. 

• _ ?i ' ~ -™ • ■ .- \f ' • 

Suggested Approach 



To be done as a lab activity with a pair "of students working^ with a 
radiometer* 
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If radiometers ifi ii short .supply, v thlr- eqjifrd don* as a teacher 
demonstration , ifitli 'atudentj answering questions , * « , , 

" Activity strvis is a pod elementary introduction to solar energy, 

M ifc #f fecttVeiy demonstrates sunlight as a form! of energy. 

Typical Results , ' >;'* 5r " V ••; \\ ■ ' 

v - = \ . The 
*" " . slo 

mater should not be rotating at all. 



The radiometer will rotate fastest witjo the highest intensity of sunlight, 
slowest with the least. When the coffee can is just Removed, the radio- 
meter Should not* he* rni-or4m> a* all \ "'W i ■ * 



Precautions 



The radiometer is a dmtiaate insjbrwnmt which should not be dropped tipped* 
shakm or otJmrwise misused. Sinoe ".'tihtf radiometer is a vamum-pcpked 
instrument* it is reoonmended that students- wear safety glasses men 'using 
it. If the radiometer were ^ M aaHdentally broken/ this would eliminate 
the danger to the eyes of flying glasp. 



Modifications 



I f it is impractical to do this activity in sunlight, a 200-watt Incandescent 
lampwith r ef lec tor s can be "substituted ,^^ a^ theV ef fectiveness ^ ~ 

the activity with young students may be reduced when they do not actually 
use solar energy as their source of light* 



Evaluation 



Collect student answers to questions. Have they been answered in a 
satisfactory manner"? „ 

4 ». ' Has the student tried eOING-FURTHEft^ Is his eKplanatien reasonable? 

"•' 0 ks?rve the student's ability to follow written directions, and the manner 
^ in which he handles the radiometer. Is he following safety precautions?' 

Ref erences * ,■'/■' * \ 

~- — — . ^ , - . . ^ v ■ ) , * ■ ■■■ " .:^r 

> - $he Radiometer - What; Mikes it Work? r s (Windsor Electronics , Inc . , 
■' PO Box 662, Wheaton, Illinois, 60187.) V 
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- HOW WELL DOES IT WORK? 




As o4H v supply Qf }f Os$il fuels decreases soi^r* energy has become 
more and more p^ftul|^ alt ematate energy source/ \The use of solar 

energy involves col lects:in^ %be. sun ' s energy and converting it into useful 
reheat. This conversion of einfetgy is being, done constantly by the materials 
.. ? on eartft as weji as W atmc^phete. You can feel this effect while get tin i 
into a closed car on a simny day. But while we have so much of the sun's 
energy reaching the earthy we must ask ourselyes if solar energy can be 
cdttgl^ratid Shough; td'becbme <a practical alternative, qr/^en a portion 
of the alternative to \f6ssil fuels. • , 



This activity will help to answer this question by comparing t$& : ^ 
tempepatm^ changes and heat added to air and water under different V* 
conditions; 1 ' 



0, 
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OBJECTIVES 

\ At the completion of this activity j you, ghou|d be .able to: 
1* 9 / plot and interpret a temper atures vs V time gr 



o 



calculate the amount of heat gkiiied^ln calories ,n 

Judge if solar energy can be useii a& fari; alternative 
-fossil fuels. - -V 4 : - v.v v ■ 5 , . / • . 



to 



SKILLS AND KN 

— How to read t iming de vi.ce\ 
• . - Hoi£ to , read ^ thermometer:., 
- How to record 1 data, * ? 



;7 



V - 



How; to graph data. 



1." 



HALS f 1 

Solar /collector 

. . '\ « * r < : - 
4 standard 



Data t^b^lsli (iee sample). 
Graph paper ? 

Timing 

> "■■"•'HlSlV' 
1000 ml 



>.»••* r ••• 
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^Htl^^ v. ^ in«mymi 



THERMOMETER 



^ TRANSpARifilT TOP 



CONTROL 
STORAGE 



THUMOMETIR 





Collector 
storage « 



COLLECTOR 



CONTROL SJORAGE - used /t€i mpn^tor tHe ambunt of heat* 

(energy -collected tty,,a container of ~ water in the' > : 

COLLECTOR STORAGE-^- used to store the heat energy 



METHOD 

■■>■ » ■ 

,■ . i. 

" .-. •• 2. 

:• : -3f" 



.collected, b,y v£he solar collector, 



V- 6V 



ECTOR y tAed to collect the* sun f s" energy and to 
trans fe:r 4 this eriergy into useful h|at r * ^ 



PUce the ^collector so It facer the sun at air times- Place 
,:/£he beaker . of ; water in the sun with the thermometer in >it ^ 

Qn the datavtable' provided record the time ynder /'actual time". 

Check the thermometer^ ^n^record the/temperature of- the first 
three variables , ''outride lalar temperature", "collector air - 
•t^nperature",. and /butsid^ ^ter temperiit\pe% ' / 

Run* the drill pump fb^,;j5 ^e^onds to transjfer ft the water from 
the oolleetor to' the pump. ; Take the thermometer rea'Alnjp 4ti 
tfef . C( ? 1 l ector storage;and re,cdxd the fourth variable 'under 
1 collector water temperature"; .. / * x , 

Leave the last two columns blank for computing "calories", 
This will be done by the entire clas.s\ 

Repj|4t_ this pro c endure every 5^ minutes . _ 
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Plot on thi'ians graph, the temperature of the four 
fluids at 15 minute intervals. 

Using the formula: Heat, in -calories = temperature change x mass 
of water find the calories of heat added to" the collector water 
and to the outside control water at 15 minute intervals. 

Using another sheet of graph paper, plot on the same graph, * 
the heat added to the two masses of water, 



LOOKING BACK tp 

We know our. supply o£ fossil fuels is limited and an 
energy source must be found, the use of solar energy is one of several 
alternatives available today. Solar energy will be used only if it is 
demonstrated to be practical. The data you have collected will allow you 
to decide for yourself whether solar energy can* be used as an alternative 
to fossil fuels, 



QUESTIONS 



1, Whiph of the four variables had the greatest change in 
temperature? ; 

2, Which, variable had the least change in temperature? 

3, Which liquid gained the most heat? 

J^t ? a what time did we receive the maximum amount ui e neigy? 

5, % Does the Celsius temperature of the collector water idpreaeni 
a temperature which we could use in the home for heating, or 
bathing? 



GOING FURTHER 



Would the slant or the collector, J^jiif ferent during utl.er times 
pf the- year? 



What suggestions du you have for im P ^^a| lu* c £jri*_i 
the collector (design changes)? 

Could we have collected more energy by u^h^ m difr fe4 . fell4 lit 
How would we calculate the h^at added using a liquid oth^c 
than water? (Hint: Look up specific heat in the library ; 

r/ What are some things that cuald cay^e Ltie ^ii^l^ aii a . 4 j 
collector water storage temperature tu be" different* 



0 
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i Teacher Information Sheet - ' r * 

■* • 7 . . ' . . . • , ■ 

. ■ r 

■ SOLAR ENERGY - HOW WELL DOES IT WORK? 

' Suggested Grade Level and Discipline ^ \ 

*: ■•-.•> * 

8-9 Science ^ 

Earth Science 

t,- # 
• 11 • 

^ ga©^ground Information ' 

'*• i =, 

Vh i" , ^ sol f r 'collector ifc«.«imple davlcg which allowe solar radiation to penetrate 
the glazing material (transparent surface) and strike the absorber (auto heater core). 
This energy heats the absorber and the heat frW the absorber is transferred to the 
fluid (water) The fluid is then transf arriid to the area of desired heating. In addition 
to allowing the solar radiation to penetrate, the glazing traps' most of the long wave 
infrared radiation, keeping it inside the collector to be transferred by the fluid 
The glazing is usually thermopane fVr batter insulation against conducted heat lost." 

The common collectors are either' flat plate collectors using water or flat 
Plate collectors using air as the collecting and transferring fluids. The collector 
.diagrammed in this unit is more of a concentrating flat plate collector using water a, 
the fluid, pie object of a concentrating collector is to collect the aolar radiation ull 
a large surface and focus if. ,<Wto a smaller surface. 

Though, "solar enjfr|y is much talked about, there is still some skepticism 
( about It serving as a viaTOe altfarnatlve to dur. present -day energy sources. 
> t 

This activity is designed to give the studEiit a i^ok sl 81 ,t. ( i, B i 

points and its shortcomings . It should also make the student « t aware „i U i .., .. t ..r< : 
concerning solar energy and aid him in interpreting the literature in a >ri, leal way. 

Hints on Gathering Materials 

The materials needed Include; a» t u heat^ ^ba_b*o a^uiu^ t . t * , 

plywood, aluminum flashing, glazing material (plastic, glamor plexiglass) 
f 2 auto heaters or washer hoses, 3 small styrofoam picnic containers variabL 

speed drill, variable, speed drill pump, 4 standard laboratory thermometers. 

• • . - \ 
The materials should be collected ov.i a N n,a „i time u> Uti, *i..dei*, 

and teacher* 



tt%e absorber (heater twiej 
relatively low-price 



ill Lt pUt ^li. 



sti fiyui an a'^Lu WLe ! k j. 



1 other materials caii b s putwh^ed i 4 
the school or home% 



A styrofoam container u^ed 
collector construction 



1 i 4A4fe g, 



\ 



■ \ 

t . 
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Suggested Time' Allotment 

- toe day to collect data. 

- Three to four days for doing heat problems* graphing, and discussion of 
results* . * 



Suggested Approach 



The construction of the collector pictured in s this unit was done in the 
following manner I 

a* Plywood was placed around a styrofoam container for stronger const rue clou, 
The styrofoam was used as insulation. 



- STY RO FOAM 

- PLYWOOD 



Aluminum was folded in a manner to serve as a reflector fot Lgncenit slIuii 
of the^sun's energy, 

* - — — » ALUMINUM 



The heater core was placed an tup mi ii*^ a 1 **tuim±m l 
absorber. 



HiATcR CQRfc 



3^0 



The entire inside was painted flat bia^K 
surface. (Cover with newspaper during pointing ) 



i 1 ~- 4 1 , 



e- Double pane glazing was placed uu top. 



_ i u 



Set up a schedule of your mote ddvai^ed mor^ (tiut« a ii * 
class to monitor the collection during the day. 

Musure equal amounts of water and add u the cpaitiul &^ n *. 

collector storage before class. 

f ' 

I 

15 mlQllCes before the €Qd g£ y ^tit lit*,* ( ^ilyj 1 - - ■ I -t 

and the collector with all CuipoB.nta o taide >o begl., the upu . at. i ii.o 



/ 

4 J 
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Explain the operation to the entire class and allow the monitors to begin 
work. t '- » 

Your school day can proceed as usual with the last 10 or 15 minutes being 
set aside to take the class outside to view the collection and to gain 
information about its operation, 

The data collected by the monitoring students should be copied and distributed 
to all students for graphing and discussion. 

A possible follow-up to this activity could be a field trip to some agency 
using solar energy for heating, or bringing in resource persons to discuss 
solar energy as an alternative energy source. 



Typical Results 



Students should quickly realize that the temperature of the water and air 
inside t=he collector increases more rapidly than the water and air not in 
the collector. 

The collector air temperature should be^higher than the water temperature. 

The outside air temperature may be higher than the outside water temperature, 

Hie data\ table and graphs shown below ^ive actual student results for 
this activity* 



HEAT CHANGES 
1 kilocalorie (kCal)=1000ca lories 




— f _ 



lM~9ff9 © * * • » 4 
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TEMPERATURE CHANGES 




Outside Air I emperoture 



~"i i i » , i 



t i r i r 

11x00 11,30 NOON 

ACTUAL TIME 



12-30 



1:00 



^ "T- 

130 



! * 1 —f 

2$Q ' 2,3i 



Prat autlons 



an mU^LHoaL device is used out&id^ a ehu^K nu*^a t 
He swre proper grounding instructions are followed and avoid set.uu ul 
the s^pertment in damp areas* f 

If* glass is used fat* >j lazing a safety hazard may 



Modifications 



9 

ERLC 



The collector can be i^jc with tra^i, fc a . .. 4 . t ... k4 ..Jet o Pi 

aluminum plate serving mm the absorber, ..r any char Variation which *p 
the same principle, - 

Various materials c*u be ua.d for gi.ani and iu. uU Li.u. A ft „ . .. i„. _ v 
they must have th^ basic charttcteiisticB for the function , they save; 

It may be of interest to conduct the experiment on partly cloudy dayg 
well as sunny days* 
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DATA TABLI 



5 Minute 


Actual 


, Outside 


Collector 


Outside 


Collector 


Calories 


Calories 


Intervals 


time a 


air temp. 

°c 


alt temp^ 


H~0 temp. 


H-0 temp. 


added 


added 






°c 


700 ml. H^Q 


700 ml, H^O 

2 


outside 
H 2 0 


collector 



















5 

10 
15 



20 
25 
30 



35 
40 
45 



50 
55 
60 



65 
70 
75 



80 
83 
90 



95 

100 

105 



110 
115 
120 



125 
130 
135 



140 
145 
150 



155 
160 
165 



9U0 
9*40 



9:45 

9:50 
9:55 



10:00 
10:05 
10:10 



10:1b 
10:20 
10:25 



10:30 
10:35 
1G;40 



10:46 

10:50 
10:55 



11:00 
11:05 
11:10 




11:4b 
11:50 
11:55 



12:00 
12:05 
12:10 



10 
10 
10 



10 
10 
10 



lu 
10 



10 
10 
10 



u 
11 
11 



11 
11 
11 



12 
12 
12 



39 
41 
43 



44 

45 
47 



46 
46 
47 



48 
49 
50 



50 
50 
50 



49 
48 
48 



49 * 

52 



51 
52 

52 



5J 
51 
51 



31 
52 
53 



55 
56 
55 



24 
23 
23 



23 
23 
23 



23 
23 

23 



23 
23 
24 



25 

,23 
24 



24 
25 
25 



Z5 
25 
25 



25 

25 



26 
25 



It* 
25 
26 



lb 
26 
26 



24 
25 
26 



27 
29 
30 



31 
31 

33 
33 
34 



34 
35 
34 



35 
34 
35 



34 

35 



33 
35 
35 



36 
36 
31 



37 
37 



j / 
38 
38 
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170 


' -, :V 

IB; 15 


12 


54 


26 


38 






175 


12 ; 20 


12 


53 


23 


38 






180, 


12t 25 


12 


54 


27 


39 








12:30 


13 


55 


27 


38^ 






190 


12 : 35 


13 




27 


38 






195 


12:40 


13 


54 


26 i 


38 , 






200 


12: 45 


13 


54 


26 ri 


38 






2f65 


12 \ 50 


13 












210 


12-55 


13 


53 


27 


36 ■ 






215 


U 00 


13 


53 


26 


3€k 






220 


1 * 05 


13 


53 


28 


36 






225 




13 


* 52 


27 


39 






230 


1:15 


13 


52 


27 


39 






235 


1:20 


13 


52 


28 


40 






240 


1:25 


>3 


52 


27 


39 






245 




14 


50 


■ ' 27 ,. 


39 






250 


-1:35 


14 


53 


■ '' f 7 * 


39 






255 


1:40 


14 


53 




39 


i- 





260 
265 
270 



1 ;45 
1:50 
1:55 



14 
14 
14 



54 
54 
51 




40 
40 
39 



36 

37 
37 



37 

37 
37 



3/ 
38 

37 



37 




'r'-r , 




imii&mctioN 

amount: of insolation in a particular area has & direct 
fed|^^fit^. temperature of the earth in that same area. In this 
^^^ffPM^I^v y° u w iil set up a model of the pattern of insolation f^r 
^h^^^t^^ latitudes over , a period of time. From this model, a 

^|may be inferred concerning insolation patterns and tampaEauiie 
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OBJECTIVES 

At the completion of this activity, you should be able to ; 

o describe similarities and differences between the earth 
and the model, 

o construct a graph showing the maximum insolation per 
month . 

o construct a graph showing the maximum temperature per 
month* 

o show the relationship between the two graphs, 

o identify patterns of annual maximimi and minimum temperatures . 

o relate maximina and minimim temperatures to maximum and 
minimum duration of insolation, 

SKILLS AND KNOWLEDGE YOU NEED 

Ba able to read a metric ruler or met^r stiuk. 
Be able to measure volumes in moles, * 
Be able to time, 

MATERIALS 

Plastlw column ki Lg 
Ring stuiiU and clamp v- y 
Catch basins 

12 = 1000 ml. beaktti^ ...i 

Crayun , 
Funne 1 . 

* Time piec^ wi k ii ^c^wad swt fa j f 
Rubber huse . 

Adjustable Ciau.p 

GraduaL^d uyllnde* 
Water, 
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fUNNU 



PLASTIC COLUMN 
(MAlE|B IN MT| 



CM TON IHG 



■*#G STAND 



CA# WITH 
SMALL NOLI 



ADJUSTASU CLAMP 



RUBtU HOSt 
TO CATCH t^CEfT 



METHOD 



Read through entire direWion^ first bai^rt 
activity. 



2, Sat up the plastic auluOTi, riu fi suaa, eatah LuaeL ^ a h UW w 
in the diagram above, 

3, Measure up 15cm from the bottom of the 4,uluum mid u^k a 
ring around the tube at this level with a crayon. 

4, Adjust the clamp on the rubbenhoee so that the rate u£ Li.., 
is about 6QQml/min, or so the level of the water falls irom 

.the tdp of the column to the ring in 50 to 60 seconds, 

5, Into each of 12 beakers (labeled 1-12) place an amount uf 
water proportional to the, amount of insolation for thau lu^i 
A possible scheme appears below, 

6, Pinch the hose and fill the piadiiw h.„ i^w.i * 
the ring. As you release the hose, add th^ w.ter from t aa, 
and begin timing the experiment . 



5u 



MONTH 



BEAKER 
NO, 



(APPROX, HRS.) 
DURATION OF INSOLATION 



JANUARY 22 


1 


9 1/2 


FEBRUARY 23 




10 1/2 


march 23 " 




12 . 


APRIL 23 


tfi 4 


13 


MAY 23 


> 5 


ft 1/2 


JUNE 23 


• % 


is 


JULY 23 


; 7 


14 1/2 


AUGUST 22 


8 


13 


SEPTEMBER 22 


9 


12 ' 


OCTOBER 22 


10 


lp, 1/2 


NOVEMBER 22 


. 11 


9 1/2 


DECEMBER 22 


12 


- . ■•' 8 1/2 



NOTE: THE ABOVE VALUES FOR THE 
WERE OBTAINED BY MULTtPLVlNG BY 
NUMBER OF HOURS OF DAYLIGHT AT * 
THE GIVEN DATES ■ 



8LUME 
THE 



OF WATER 
APPRpXIMATt 



LATITUDE FOR 

& 



AMOUNT OF 
WATER (ML) 

475 

525 
600 
650 
725 
750 
725 
650 
600 
. 525 
475 
425 



Using the crayon, quickly uu*rk off the maximum level the 
water reaches in the piaSLic column and indicate the baakei 
number . 



S. At the end of one minute, add the water from beake* i.agoiu 
marking off maximum water level and beaker number. 

9, Proceed as above for all bt^akera # adding a new b<_ aK • ev^iy 
minute , * 

10 , Measure (in ml) the vm-Um^s of the maAiiuuu* w^l&i /*.*.. ^t. 
plastic coluimi tor each beaker and record dat^ table 

11, On the same graph, graph the maximum watet level vs trie 
month and the volume of water in the beake* va . the M*on\ti 



LOOKING BACK 

the amount of insolation ^resent for the month. The t .jximua height a 
water in the coluxim is representative of the ma* * mum tempera, ure fy, li 
month, From this activity you should be able to see a relationshi p uci^t 
the amount of insolation and the maximum temperature f^r a pa* ticul a i aretj 



/BEAKER NUMBER 



i 

% 

3 

5 
6 
7 
8 

9 .. 

id 
n 



DATA TABLE 



MONTH 
REPRESENTED 



JANUARY 

FEBRUARY 

MARCH 

APRIL 

MAY 

JUNE 

JULY 
•.AUGUST 
'.SEPTEMBER 

OCTOBER " 
" NOVEMBER 

DECEMBER 



J 



*• VOLUME OF . 
WATER IN. THE BEAKER 
• (ML.) 



p*75 
* 52 5 
600 
650 
725 
750, 
725 
650 
600 
525 

m 

425 



MAXIMUM XBVIL OF 
WATER IN COLUMN 
(ML.) 



n 



A; 
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QUESTIONS . v ' - - 

1, What effect does an "increase in the duration of insolation 
hayq^y^oiv ;the temperature? * 

2. At .what time of the year is the duration -of insolation at 
a maximum; at a nttnimum? 

3* How does the time of maximum surface temperature compare 

with the tide of 'maximum duration of insolation for the mode 1 

4, How is the duration of insolation related bo .the various 
seasons? * 

5 e What does the one miftute siting period represent for your 
model? .'• » 

6, For your model, what does the water flowing out of the bottom 
of the tube represent? 

1* Describe the ways in which the model is analogous lq Lhe 
earth and the ways in which it is not, 

GOING FURTHER * y. 

..• T , , Mow would the duration of .i^^lauiou daring th^ y ^t_ be 
affected by an increase in latitude? 

The teacher may wish the studenL* lo . . t * 4 u 1B bL j,^, , , !to t, 
several years . 
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EARTH'S ENERGY BUDGET 



Suggested Grade Level and Discipline 



Earth Science \ 
Physics * 

Bac^grounj, information 

Insolation is the amount of energy received from the sun at a given place 
in given time. This energy is transferred into heat energy which we see as 
temperature changes as the amount of Insolation changes. Where you live and the time 
of year it is, will determine the temperatures for the northern middle latitudes, 
Insoiation is at ite maximum in June and minimum in December. The maximum temperature 
however s are reachel sometime after the maximum insoiation. The minimum temperatures 
are reached sometime after minimum insoiation, 

, „ * 

Hints on Gathering Materials * 4 f * 

~ n> ~ 0 ~- 

Materials should b e available iii most eauh sUen^ ±1*^1^0% . * 
■ f i ; ■ 

Suggested Time Allotment * ^ \ : 

4 - One period to do activity and rt^ord d d u, ^ 

One period to sake graphs discuss reguiu 

Su^^ested Appmach 

Have basl% t.w^.iiui fc i. i l , , llt 

7i divide eLUJ^eiitS luLu atuali „lwiA t .p 4 £)iip Ly liiaLk . t i u 

. e H'>- ' ' 

fr Explain ty atud^ULs lUL lU^ amount u t ^aui i** g^i. b*ufc*. . .. 4 

used to represent u.e amount of Ina^la^ion f\,r that month, 

* E,&pi&iii to gtudeftts that the martifuoiii height ut watet lu . * 1 ^ 

representative of . the maximum tempera ture for that m,,ntL. 



Typical Result 



Students should eajil^ 
a minimum in December. 



, Students should easily *iim t t * ,, 

time after maximum ins^lat , on a d that m^ji 1 ta^ , Lu*i t| e. 
sometime after minimum ins^Iaiiuii 



Precautions/ . 



- Be awre to check all equipment >to make sure i$ is functioning .properly* 
Be sure to check the rate 'of flow* ■. ;." 



Modifications 



It may be difficult to adjust th§ rata of flow to 600ml/min* Another 
method is to time. the water^ level from f ull, %p the ring (15cm *abov© the 
bottom*) WheOi the flow is adjusted correctly, the level takes % about 
. ..v.50-60 seconds- to fall from the top to the ^ ring. .." ' V 

* The teacher may wit^t© experiment and develop his own time table an<l 
' rate of flow, f." , " . "« * f ' ' v £ 

- 1 - n J ^ \ % - ■ : " • 

Mtoi^^ leve.lsmf, the column may also be" taken so as to gi ve a 
temperature range throughout the ypar, V ,V ■ y 



Evaluation 



References 



Check students 1 data sheets* ' 
Check students! answers to questions, 
Check students 1 graphs* 



Inve& tigating the Earth* (Earth Science Curriculum Project, Houghton 
> Mifflin, Boston) ^4968, s PP. 158*161 ' 



DO 



M^-f ''""VVi."". 



«?P R A F T - Activity 22 




SE EFFECT 



th* ^ a ^^W'?^# OTOtS °*j a ^ 11 l lt R ass through the atmosphere and hit 
• the earth s |urf&ce every day. This light is absorbed by the earth's 
. surface Tand ^urned-intb heat waves wMie§#»ve longer wavelengths ' These 
i^Lr^^?" call ed. infrared rays v The; longer fcwien^S^Sfciw?!^ 
cannot easily pass hack through the. atmosphere into spaci beeausif certain 
SSS'SS'hiS" ca F bon . dioxide and water in the atmosphere absorb tSm " 



effectl. 



In this Nativity you will be investigating the "greenhouse 
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Objectives > 

At the completion of this activity you should be able to i 

».■>.*/."■ v ^ O construct a simple apparatus to show the greenhouse effect, 

• o \ wake some comparisons between your apparatus and the 

* ' % earth. ■ . r . ■ 

{ /o collect data from thermometer readings and record them in 

;: a table. 

. p represent your results in the form of a lin^ graph. - ' ' 



SKILLS AND KNOWLEDGE YOU NEED 

Hew t© read a thermometer/ 

* . How to graph data using a simple line graph, 
. . - ^ Know what is meant by wavelengths as used in the INTRODUCTION! 



MATERIALS 

"1 standard laboratory thermometer (-10°c/to 110°C) . 
1 clear plastic shoe box with cover. L g 
Outdoor reflector flood lamp, and mounting stand. 
Soil Mid water; ^ - 

Cardboard support^on^which to lean the thermometef . 
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METHOD 

• 1 : . •■ * = 

2. 



Place about 2cm of soil in the bottom of the clear plastic box. 
thoroughly moisten the soil with water, ■ 

Cut out a piece of cardboard so that when inserted in the box ] - 
it will divide the box in half. The cardboard should not quite 
reach the tap of the box, 

jTOP VIEW " : 



CLEAR PLASTIC BOX . 
CARDBOARD SUPPORT 




Lean the thermometer against _ the cardboard support 

~'bult^jtefi"d"l^ 

■ X 



the 




4, 



7, 
8, 



Put the box and lamp in a part of the room where the effects 
of direct sunlight, heating and cooling systems, and drafts 
will be reduced. , 

Put the lamp directly over the thermometer bulb at a distance 
of about 25cm. Put the lid on the box. ■ . ' 

SIDE VIEW 



CLEAR PLASTIC BOX 
CARDBOARD SUPPORT 











r 























BUtfe OF THERMOMETER 
THERMOMETER 



MOISTENED DIRT 

Record the thermometer reading for 0 minutes on the data table 
for. -the covered box... .-.."...„ ... 

Turn on the light. 

Record in your data^taple the temperature every minute for a 
total of ,15 minutes . 
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; ^ the light, remove the lid and 

allow ; the theruiometer to return to toom temperature 

10:. Repeat the proce dure with the uncoyered boat and record all youi? 
temperatures in the data table, , ^ 

; : 11. Plot the data from the covered and uncovered bo;* on the same 
graph* Use different colors to represent each one. Compare 
'". . your results, ' ^.i V . * 

LOOKING BACK . ' 

7 1 It is possible to trap incoming light and change it to heat. 
The trapping of this heat energy under a covering ; is referred to as the ; 
"greenhouse effect 1 * , On earth the greenhouse effect is created, between 

- the atmosphere which may act as li blanket to keep J the heat in, . and the - 
earth's surface. Consider in this activity; that the box with no lid on 

J i£ represenfr' the ea — _ r . . .. 

QUESTIONS * ^ 

1, In which box did the temperature rise/ the most? ■ 

2* Explain how this activity shows the greenhouse effect. 

3, How does this activity relate " to the greenhouse effect on 

the planet earth itself, a> What part of the box represents 
^ the earth 1 s surface ? b) What part of the box represents the \ 

earth's atmosphere? ■ ^ / >. 

GOING FURTHER 

How could air pollutant^ disturb the greenhouse effect? 

■ . ' \ :• . , . ■•' : , 

Describe axu experiment* that you could do to see how different 
• coverings wdjj^ld affect the temperature change* 

- * s Could the greenhouse effect ever be harmful? ■ . ■ 

. ■■''{ Use a book on solar energy to find out the parts of a solar 

// panel. How is the greenhouse effect related to the panel's 

construction? . 1 



In wfllt ways is this Activity different from the greenhouse 
effect on the e^irth? „ ,„ ..... 
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f '* i 
4 I 



0 

ERIC 



TIME (MINUTES'). 


COVERED TEMPERATURE U C 


0/* 

UNCOVERED TEMPERATURE U C 
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• .;■ TH E 6 R % E E N|H 0^;$$ ' 'EXPEC T 

Suggested Grade Level and Discipline 



^Vr- 



Middle School Science 

Earth Science 

Grade 9 - General Science 



Background Information 



■ >. • ■«. " ^ \ • " " . i i ? * * .'7,- 




from; the sun. These waves, 
includes visible light which 
&dlei ; light witn shortef 



"... The earth receives enetgy; ^ 
make up part ©f the electromagnetic^ 

ranges from red light with long wa\f^lengthtf ? io ^dlefc^light i 

Ultraviolet rays are invisible-" t : ay$l'jk^ iti~ the" spedt - _ 

ultraviolet rays' have even shorter ^aVele^ can give you a suntan. Having 

longer wavelengths than the ylsible^e^ the Infrared rays, These are the rays 

^ich mal^ sunlight ^ f^ V , ■ ^ 




engths* 



and thelTe 




par 
may 
The 

atmosph 
effect 



>here, Thiese' jays can be £raj^e4r iii fthje atmbspHere ^as heap><>T$i^ ip it^ggreennonse 

• . f .;• i .- '•■ ... .-v.-;,. ».■•;.': W)i ' • •* '. -• - t, " - • - 




from -19 C 'at the-tbp of the .a^mb'f^H^^, ;tQ;:,1^7;G : "^t- : ' the = surface of ±tge earth. %A\< \ 




Spme.^racfiical knOwlidg^;pf )lhia effect can be extended to, everyday life.- c -'.*jri-i h 
For*exam^le; closed automobdlesi heiat np ' When the; sun shines through the winaows^c^rtktosv^ ;: : 
Opened 1 in winter let; sunlight intp . houses • floral, greenhouses retain heat ,\trid molarV ^ : 



collectbrs heat domestic hot: water. 
f Hint's on Gatheri ng Matexialg ; 0 s 

. , ' glass cover *^uid also work well, 

" M outdbpr' ref^edtor lamp put in a socket and then attached to a ^ing^ mtk^i 
. * a . ahouidf work well * A lamp that throws a lot of heat is necessary^ for good v 

' resulta, 



A small fish tatik with"a 
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Suggested Time Allotment . \ \„< - 

" 7 . ' .'7 • : .. - ; ; . : • ' . • . ,« ■■ • . ■' ; *w 

- One class period to ^xplain the experiment, discuss the electromagnetic 
. *; spectrum, and set -up the experiment* 

■ , ... One to two class periods to complete the activity* * \ 

One class period to discuss the results* " 

- A class period is about 45 minutes/ W 
Suggested Approach 



: . .. ....... • .. ... . 

l*ass out v ,jthe -> lab sheets a day in advance so that" students will be famimijfr 
with 'the^^tespdnsibiiities in the activity* Discuss the electromagnetic , 
spectrum, and allow students to set up their equipment. 



Divide the class into .groups of 2 or 
materials) . Stui^$, ^r^Sat^jMrns 



3, (This is provided you have enough 
t iming , read ing ,~ grid recording * "£ >~ 



Typical Results 



The thermometer reading in the covered boK should . have been Higher , 





• . DATA'SHtEr, 


■ • * ■ ! t 


TIME (MINUTES) 


COVERED TEMPERATURE °C r ' 


♦ UNCOVIRID TEMPERATURE °C 


0 


28 


26 '\ 


' 1 


38 


■ J6 ■: <V,\; 


2 


.42 


41 '■" - 


3 


46 


45 


4, 


m 


48 


5 


52 


49 


6 




V* 50' 


7 


55 


51 


8 


56,5 


51 


' "9 ■ " 


57 ' ' r 4 


52 


10. 


58 


52 


11 


59 


^ 52 


12 


59,5 


52 


13 


59,5 


52 


14 


61 


52 


15 


62. 


52 



< 




. ft* 



0 .1 2 "3 k 5 6 7 8/(|^#^ 

,v. Tire (minutes) ■ ■""• J, ''\?r.. !r -- i! i*r-:.- 



. COVERS) BOX - ! 



Precautions t 

— Remind students not to touoh the heat eoura0 m 

Mogif icationa ; , , > • * , 



M; y° u do not ha ve enough 'tirae^ have' some grotips of .students do the 
\: experiment without the lid and some do it with the ebWr. Then compare the 
) results. . • ' 

Students. may wish to try other kinds of covering- sudh as white cloth or 
wax paper. 



Try outside with the sun as the heat source, 



Evaluation 



Check the students data table and graphs to determine how well they can 
read a thermometer and how well they can represent it on a graph* 

Check the answers to the questions. 



References 



Solar Energy* William W, Eaton, (Washington: Department of Energy), 1976, 

pp. 48; 
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THE SUN'S POSITION IN THE SKY 




INTRODUCTION 

The sun's position in the . slty changes. Where is the sun found 

in the early } momihg? noon? "In the afternoon? Does the position 

change with the seasons as well as the time pf day? 

This activity will givev/you a chance to measure the sun's 
position and obtain data which is "useful in solar energy design. If we 
are going to use solar energy to heat our homes, then* we need to know 
something aDdut: the sun 1 s position throughout the whole year . 

You will construct a very simple device that will help you • 
measure the angle that the sun's rays make with the ground. You will 
compare your data with data other members of the class have collected at 
different times during the year. You will also compare your data with 
published solar position data, 



;23-2 ." 




OBJECTIVES 

At the completion of this activity, you should be ^p^4 

q :^:;.:^4itt**""lito ingje that the sun* s "raytf 'ia^e' ; ;^^:the 
# ground at; any titae of day* . • . ^ r'H 

... ! . ' '•• " '- * > . ./j^'--^ -. v 

o> use published solar position t ab le'$ find . t^jfehri * s 
altitude and azimuth at ariy given time and locatSorh. 

■■■ . " ' V- " ''"V V- ,r>W 
•■ . * : , 



SKILLS AND KNOWLEDGE YOU NEED . 

- How to^ measure; angles with a protractor , 

- . How;, to level a board ftsinjz'Va , bubble level, 

... . ■ ■ • is \ V ■ f\ 

^ How to read and use a magrifeiic compass. 



How^Ib graph ' da t a . 



MATERIALS 



A small peg board, 

3/8 inch wood dowels . * 
,A magnetic compass, 
A bubble level, 

A. block or watch, . 

Paper, pencil, straight edge, and a protractor, 

,_...,..„;- ..... ■ .. . ... . ... J . .. . 
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Remove the paper from the board, Draw two lines on the paper 
each passing through the center of the hole, One line should' 
be parallel to the long side- of the paper ; the other should 
be parallel to the short side of the paper, -.In other words 
these two lines ar^ perpenaicular (at 'right angles or. 90 a ) 
'to each other, Mark the ends N-S, E-tf (as shown, in the sketch) 
to show the compass directions to use itf lining the board. 

Set the board in a horizontal position where it will receive 
the^ direct rays of the sun most of the ' day f Align the board 
witfcL the coinpas s as shown in Figure 1 . Use the bubble level 
to check that - the board is level. Level it if needed, (Note : 
Your instructor may suggest aligning, the board in a different 
way) , v 
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Measure tod^regord ythe height of the, dowel abdv«vthe "top 
surface of the hoard, " \ * ■ . .< ..>.; >'i 5 ^;..\» fc . ; «» ' 

Eateh 15 minute s draw a line on the paper showing tHe position 
of the shadow • : Be careful to murk the end of the shadow 
- accurate ly i;^ glljiiiP the ' pos itions of tile shadows v are needed : 
throughout the day , students in all classes will" have to make 
use .of each other"? data. s Reeord the time ahd 3afce for each* 
shadow drawn, r / V ■ • '..v ' 



?• - For each' position of tlje shadow you will i*ant to measure two 
. ■*- ; --[ i v angles '= ! .V ..V/' ■■ -v, •" '■ ■ ' '. 6 . ' 

;■»< ■;(■■-. /-V- -?..\ -.v-V--:- - ;■• ■■ ••' v - - 

' -f^%y- v "The first is the angle between- the shadow (a) on the ,paper 
" V and the slanting side (H) of ^ the triangle as shown in. the 
- r sketch below". This angle is called the altitude -of the 



SUN'S RAYS 



LENGTH OF 
SHApOW(S; 




ALTITUDE OF THE SUN 



X Oh ,a separate sheet of. paper draw a right angle triangle 
y . such /that the vertical side is equal to the dowel Height 
y v '\ and the horizontal side is equal to the shadow length # 
^ ' Draw "line ; (H) and measure angle 1. Record: date, time, 
v ;: , and altitude of the sun in degrees on the diagram,. 

: • • • -- - -• , •• • • *=" • . , - > . 

b. The sedond- angle tells us how much east or ^ west of the' ; 
; ;J8feS linfe the, aun is This angle ,is . cal, ledv>he. pspimu^bL 



SHADOW UNE> 




AZIMUTH (ANGLE 2) " " 
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Measure angle 2y find recdr5.it directly oft /the apparatus 
If the- actual: rob At ion of the sun is .west 'of the ,fJf*S line' ! ' 
(ino other words , the # shadoV- falls to the - efts t of ■^■H : S 
line) then 'the azimuth angle is; recorded as ma^y^aegrees 
tfegtUi ^If .vthe sip is eas^ of th#^N-a line £hetf the azimuth 
is recorded as a certain numoer of ^Jegrees east . Example: 
In the sketch on Q the previous page xhe azimuth might bflt 
approxiriatsiy 30 W, V. • * ■ ' $-*"•'•■>■'' ' 

Include the^f^ 



Prepare a data table for 'the sun^ position 
fallowing information: -V*V. 



} 



Pate: ■ '■ V -v . '.. Vv , ^ : ' 


~ a Time ^ 


: ,„Sun' S'.AItituda- - ^1 
in degrees^ 4 


. - - - Sun 1 s ^imuth - - 
* ■ . r in degrees 


.•• - • i..- 


, *#. ■■ . . 

. 1 ■ • ■ ■ . . • 


f ; . ' -,, / ■• "■ ■ 

ft'-' c« . - 



Sincev the solar 'ppgrgy designer needs this* kind o f " info rma t ion 
for the -whole "year f tables have :been carefully prepare by 
scientists, - Compare your data with that in published tables* 
available from the weather bureau. Why. are thq tables arranged 
by latitude? t *What is the* approximate latitude .where you live?, 



LOOKING BACK v 1 

, The position of the sun in the aky is important in sola© energy 
design ; This can; b^e determined* with «im|Sle equipments Tables can* 
prepared: so that the position can be* predidtwdTf or any time or place X 
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QUESTIONS 



1. Aj?' what time of day ^i^ Che sun's shadow ghuiL^iL? What d^ts 
this mean? ^ * 

2, Are tne Sim's shadows longSr in summer or winter? flhyt - 1 

3 S It usually seems eftlder early =±tr the muruing than noun, 
it is colder ii\ winter than in summer . How are ok££ta facta 
rfelated to what you have just learned? 



GOING FURTHER 

• • - If you wanted ^«±a*^l ki*a m^^i t .^.. A jt trom uhe , L ^ 

would you position a sular culletLor? Would its potfi&tiyn u„ 
the same in winter summer? ^ • 

position would yuu suggest they be st^ at? . houid tjfte ft . fat.. 
N , S . E or W?^ Itffra^ angle with the ground you think would 
be best? (Hint, WhVn ar 6 yuu likely to*he^d th^ most heat.? 

\ 

How could you . Lhe )^os i ^ i *>n ut l ^ »m h> J o o l i i.^ tu*_ 

windows in your h...me so you ge* Lne m.mt i.en^fit of the su > 
energy? f 

What effect u^o*. iln. ^^4,5*. ,.i i . „ ^ .i , II(J ^ a 

on the energy re.eiv d by ti^ iudy s #n ou, nome? « 

in laiidsca^ii. t& , ^6ui lu,^ , i.*,w i*. i tt hi cree^ L ^ ,is^a i .>i a .. 
to help keep yous h M use c^ole. in a.*mmei t.ul warn).. ; »u wiuLdi. 
What kind of trees would you us© in what pos * tion? 

Using data on solaj, pu^l i iuu ; mak^ ^ i ^ ^il 1ju»4 * , .. *. ta 

of a house with windows showing hov 4 he sun s rayWA ould en, 
at different times of the yea\r , Sh l? w tu>w ui.angea Un windows 
roof overhangs etc w^uld affect th% ^mouut of di^e^i sun 
light energy received 

¥ou might want u< it*ii .ifr \.i u. . * db . _„ . u of i 

to show the efreci of aindojw siA position and l^cai i n a* 
well as root overhang on the afliuUJ.uuf ene£. y received t/i i hi 
the interior (inside) the house* 
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THF SUM'S POSITION IN T HE SKY 



Sungested Grades Level and Disciplin e 
7 "9 Science * 



Earth Science 



* _ r r * 

Backfiround Information ■ ♦ * , 

Perhaps the most fundamental infoFmatiun needed by 4.u«s auid * .^ A ^ i6> 
* experimenter is soLar position and intensity data. The appmreut .gug'itio,, of the a*... 
changes throughout^ the day a%a result of tfie earth's rotation} about its axlg. The 
appears to rlsefeach day in a generally eastern direction and sets iu a generally wester 
direction.^ Am^t^m earth revolves about the sun during the course uf th^ year, the exact 
paj£h, that the sun app&'ara to take* changes* 4 is a result of £he tact that the earth* B 

rotational ajdte'jtt^ titled 23%° with respect to a line drawn perpendicular to the plane of 
— the earth' s^erb^P about the f %un» Only twiqe a yesr%hen, around March 21 (the* vernal 
equinox) and September 2 J (the autumnal equinox), does the sun appear to rise directly 
at the east point and set directljpj^t the west point. The iun reaches the lowest pulru 
(at noun) In the'southern sky December 22 (winter soic.itce; snathe highest pulut June 
(summer solstice) . 

* ■ * ' jr* 




Mi&i. jJnd ^ wlii^h l^'qult- a ,.mii a r to the ^fiatgriL^- 8) ,. .. ^ ..r-V^' 1 

on ^earth, makes use of the M eelestiai^S|jhere M w^th ,aiar positit,, *. * * ^fired u i. k * « 

"right ascension" au^aeciination, r Generslly s noweyer 1 , the mure at^j|ight^:,i ad ti il_ 

system^ similar to that used by nayigaturs <p$ surveyors^ is used by xhopE'^oi king In it\ . 1 

solar energy field The position of the^san ig^Afeatt Ibea ^ Lei o jf its felt itud^ (..ugi. 
and its azimuth i (angle) . - Jjtf^ * 

• t 

The alLltiiJe -t t tie tp.tii *^ Ui if^ J I,/ .. b ^tf\. . i ( L b, , » . .. 

^L^rver f & ' line of sight to £he sun an.i the ■fiuriz .n , the h^t^z a. la, pla^ u t ihu lL& * 
The azimuth measurement uSe.i by 4SGl.tr energy worker*, is slightf^ ^Litfereni <tuau hat ?l *u 
by surveyors* The azimuth is tne angle measured fcetrfeeu the N^S line and the p*. . Joli luu 
of the line of si^ht onto the horizontal plane. The angle i a measure. i between Lhe S 
horizon point and the projection on the horizonLjl plane of £he linS oi slight lo 
The azimuth will therefore be a measurement in degrees L (lu Lht* tiiOiiiiug) ul u f 
W (in the afternoon), (In the eUEveyor 1 ^ s/ateta ail DiiaauLg^nLy ut a^iiu^th ^ ^ "S 
made by measuring the angle clockwise frum the n horizon point nui c^u have . he v^li^s 
from 0° to 360°), fc| ' ' ' 
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T Celestial Sphere 



Azimuthf^festi Ml l i -4- AltitudtW 



Horizon 



In this discussion, the directions referred to are the gfeugrapUxc&i LaLhel 
than the magnetic compass directions* Since the north magnetic pole does not* tt.rriapou 
with, t^e tru# or geographical .pole* eqrrectipns to compass readings must bm made to 
correct for the magnetic declination at any .given locality s The magnetic declination i 
the angle between the "direction the compass needle points and true north; values for 
magnetic (foe Linat Ion can be found on local topographical maps or in tables In most 
physics reference books. 

At 12 o'clock uuon, sun LiM* the sun would be luxated dMuiuwl^Ls ^±.. 4!a . i . ., 
Imaginary line that passes through the N^S points and your zenith. However , 12 o ! . loci 
sun time does not correspond to 12 9 1 clock standard time. For this reason, i he sun f s 
shadow does- not, fall exactly along a line running north and south a> 12:00 noon y y uK 
time). Correction can be made for local time as follows: ^W* 

i 

There are Ik Lime £On«s extending around t a^U*. it t „_ 
extend over 360°, Each time zone covers apptuximat >.ly 15 
of longitude (360^ r 24) . This lagans ch^t 1° of lungiiud* 
corresponds^ to a time difference of 4 minutes, 

1*£ =1 htm - 60 minutes Lhetsryifc, i *» iM>>uLi3 m 4 4 . . 

Longitude u measured. w&sLward ftwui Lhg ycim^ mc 1. i d j, j 1 ureenwich l 
Therefore, lon^itup'es of 0°, 15°, 30° t 43° t 60° 4 75 u etc, Corresp* ad to the ten^i 
^each tiffie zpfte^ The oltnter of the e^st^rn time cone is the meridian ^ith a iutigitu.k 
^of 73 . Ada or subtract 4 minutes to the time tor every ^degree of i^ugitud* that yuu ,, 
ea^t or west of the center of your time zwne. 
* " .V. 

^ Example : * Yout cio^k reads lu k ... ju ... , . * i ! , . 

is 80 . ^ This is 5 west ot the 75th HU-ti^ian whe* e it is actually 10 □'...ji.k. S»»btt..i. 
5 degrees x 4 minutes /degree s ZO minutes, 1l la 9,40 su*. Lime at yo^r l^^all ih^ 
sun will not be ©n^your meridan until 10^2u a, in, (clock time) . For W% piecii^ 
^measurements an additional correction can be applied to corf l for the tact that t, 
sun is sometimes ahead of cjpek time by a few minutes and other times behind clue ti 
This correction, known as the ''equation of time", can amount to a,, much as 16 , u i»uU, 
at certain tlmes^of year, Graphs or correction tables can be found in most < <» | j e g r 
astronomy textbooks under "Equation of Tim© M . This vacation is caused by the eccfc„ ( , , 
of the earth's orbit and the obliquity of the ecliptic, the annual path >,f the **\ui' in iu 
skV. , 5 
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In this activity, the board pust be oriented in soma direction . In general, 
the students appear to be able to handle magnetic notth^to^true north corrections more 
readily than those involving solar time-clock time. Perhaps the slmpiiest procedure is 
to have students merely align the boards in a magnetic north-south, 'direction . After ail, 
lot descriptions and building orientations are likely to be done in terms of magnetic 
^compass bearings; but be prepared to tackle the inevitable question p "Why doesn't the 
shadow lie north-south at 12 o'clock noon?" Most solar position tables are given in l^lux^ 
of solar time and Angular measurements from true south ; student data will not agree with 
published data unless these references are used, 

Hints on Gathering Materials ' 

- All materials necessary art i ik^iy t ., L4 ^^ai^ v » * a ..i i - 

3/8 1 * dowels, (si^e not critical) Have extra dowels on ha..d 

- Solar insolation data are available Ifom youi neatest UulLeJL ,m 
Weather Bureau Office. 



b Day Two i ii. ( i. l*4 t _ dat. 



CL pi. , . Mf i ; 

i d L ii J,i i hi. > fa ^ , I 



-A. 1 i 1. 

W.uk i ... 

o f ti»e j r j ec t 

L 1,1 a ddd ill nil A;\ a Ti 1 a ww i j . . i ti i ,u i. * t i , 

yl lewULlyli of L tie JitS ohe U ndla citu u l 1 I L I. Li , ii L : i j .i 

Lime dud Lf>.e Li S flenlaLi..n 

V 



Che baa d initial 4 « an *till ,u 

The V LU^Cll t J s- i 1 1 ^ 4 ^ - ^ i .4 



S L Li I. i 



A, 1 II 
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The symmetry of morning and afternoon readings will become apparent* 

Student data will agree closely enough swith published data to ^make this 
meaningful to the students. 



Precautions 



AT NO TIM SHOULD THE STUDENTS LOOK DIpECTLX AT THE SUN. This oould cause 
bbtvoub injury to their eyea* 



Modifications 



Evaluation 



Some students pay wish to examine sundial theory and cou^t ruction a?* an 
offshoot of this work. 

If this activity were carried out with students posseaaiug a knowied^ M i 
trigonometry s then the solutions of angles using trigonometric functions 
instead of measurement by protractor would be appropriate, 9 



Can the sLudeuL eel i±y th^ g^i^LdLud 3uJ yLi alii i ^ „ ^ dhu _ L, 1 ^ a 

! Is this data organised in c*i±^h « way that it ^an be uatd tlie 
the classes? 

Can the Studyuu iaUtji. atid p,>L i i^t^j i^* i i i i ,i 

w 



Referenda 



£uLuf ftnurgy bjjy&t- iin&rlth iL^^as H^t^u r 
pp.129. 
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ACTIVITY, 24 

SUN'S INTENSITY 




INTRODUCTION 

The chief souy^i ot ll^^^pi the eai u lu« ^un Aa fui 

we know the sun emifs entetgy ad a ndarly cons La. c /ate, T^ie qUunti.y 
energy that^g^rikes the earth ,£p known as the solar ^naurft The 
intensity d||pso ? lar radiation £allin§ on any portion of the earth's ^< 4i 
however , is^np£ toristantb. In 'this activity , you will be investigate ng 
relationship of #£he ^uri*s ^.ntfens^ty! to \its, positaLon in the sky . , 



' t ' . 

/ f 

■ /J 



ft 



I a 

the* 
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OBJECTIVES 

At the completion of this activity you should be able to 

q use the model apparatus to determine lighjt 
intensity at various positions 

o compare: the/ workings of the apparatus to the 

way the radiation from the sun actually strikes 0- 
■ \v ; - / t^e earth. 

. \ : : o determine at what position the intensity is 
•'. ; maximuin, and at what position it is minimum 



SKILLS AND KNOWLEDGE YOU NEED 

* , - How to co f llect f , record and graph data^ . . 
■ v .. i * ' * " % 

= •■ * How tq MMtnputs mathematical values ^sing a &u 
proportion* 



MATERIALS 




A yirqular 'piece of J/SJ&to 3/4^^un ^iy, 
A li^ht sdti^ce (ijL^ahii 6 h 



■ *■ A pto'tractor 



• 'it 



... ..all 



el^cti ica^ ^onauit Must be Si.apeti i r* L a fi»oa = ci, 1 



TWO 3=fi,t>ot ^ieUei 61 UA/ i: 

Four- wood sinews 

Three 1/^Untih t'Oiuul ne*. * ~ * £• 

One plaa^igV'cu * u±iffi ."fejjje ... * d^j, 

One §lx*inch 
purchased at a plumbing suppl y h USti ) 

Graph paper * \> , 



ma & 



i A A * 
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Perforated Strap 



Stove Bolt with Wing Nut 



Drill Holes (+") 



Wing Nuts with \~k" 
Stove Bolt 



Wood Screws 



Plywood (27* Diameter) 



METHOD 




Electrical Conduit 



Protractor 
Angle Iron Corner Braces 



Graph Paper 



1, Obtain the apparatus from your teachei . 

2, Using the graph paper supplied tu you by yuai Lt-..i.. 
":ap^the graph paper to fit the configuration of the 

*cireLe as shown in the diagram above, 

3, Set the elevation of the glide ha* &l aiiu a «ti 
light source at position 1 marked un uhe iar. Be sur 
to tighten the wing nuts and attach the colliiaato*. to 
the light source, 

4, With the bar at 90° and the light at ^ s ii ifll i ti 
light on s Count and record the number of sq, s a£^s (t„ 

/ the nearest whole square) the light covers at positloii i 
Record in the data sheet, 

5, Keeping the bar at 90° and th* light A c p^in^u i 
the light on. Count and record the number of squares 
the light covers at the other positions marked on the t« 
Be....sure to orient the light so that it strikes eeuter 

. , of the circle. ■ ? 

6, Change the elevation of the bar to 42 p and repeat, the 
procedures #4 and #5 . 

7, Change the elevation of the bar u M zj° and M4 0 * 
#4 and #5. 
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8, Using the following relationship compute the intensity of the 
light for each light setting marked on 'the bar, 

IfjTn£ITV - NLMtER QF ^ tiARFq rnvFRm AT THE 5 POSITION 

NU^ER OF SQUARES COVERED AT THE OTHER POSITIONS 

r 

9 . Graph the following relationships'. 

a. Light position vs . number of squares cWered. 

b . Light position vs. intensity. 



LOOKING BACK 

The altitude and the seasonal path o£ the imi aiu lwu imp^naia 
factors that determine the amount of ^insolation striking the earth at a 
given point. Other factors such as number of cloudy days, duration of 
insolation, and atmospheric pollution also affect the total amount of 
insolation received by the earth at a given point, 



QUESTIONS 

1. At what light setting was Lh<s luLeimU) li^, . t . _i Wi 

2 a At what light setLing wai e the ^caU6 l niMm t ,c ^^^re^ 
covered? Why? 

3 At what bar ei^\/atiuu w^is Lhg ^i^sti^^t ^i^i s w i & 

covered by the light? Why? 



\f^* Using yUiU des.albe uUt 1,.. 111*. L 

^ ■ position o£ the light and intensity. 

X 

5 Using your graph, describe the reiaUuaai,!^ l^Li._„ 
elevation of the bar and the light's intensity 

6, What UOinp£i£ launs wt»U yOu make beLw^eil this a 4 ,Ll it a*. 1 

real world? 



GOING FURTHER 

Would whaiiging i ti^ a i ^di. 4 4 . i . , > t £t\ s , . u , 

intensity striking a givwm |.ui. tV ley i L 

• If the beam of light were closer the boa A a « .uiu t i.^l 

any effect on intensity?: Try using collimato . * of d, fferuiC 
lengths . 



7 7 
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-DATA TABLE 

, PROTRACTOR READING 



BAR SETTING # OF SQUARES INTENSITY 



1 






2 






3 






V 




















hKOTKAC luR fcfcAJJlNti _ 

* 


U 


BAR SETTING 


# OP SQUARES 


I N I tN5 1 1 V 



1 



2 
3 

? 

5 
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BAH at I TiNu 



i 
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cm 
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Teacher Information Shut 



VARIATION OF THE SUN'S INTENSITY 



Suftftested Grade Level and Discipline 

7-9 Science • 
Earth Science 
Solar Science 



Background Information 

= ~^ — " - - 1 ! 

• i 

The earth is warmed by the insolation it receives, Even chough the Sun 
emits a constant amount of energy (2 calories/ centimeter square /minute or 42 y BTU/s 
square foot/hour) , the intensity of the solar radiation falling on any portion of the 
earth's s.urface is ! not constant* 

s Jhere are two reasons why the radiation falling on a horizontal aurtacfc 
varies with the elevation of the sun. First, when the sun is low en the horizon s it^ 
radiation passes through a thicker layer of the atmosphere than when the sun is overhead . 
'Secondly , when the sun is low In the sky s its radiant energy is spread over s larger area 
oi the earth 1 s surface than when It is high, so that the radiation per unit area Is les© . 

' The average insolation per unit area falling on the earth's surfau^ each yea* 
is greatest at the equator and smallest at the poles * This is due to the angle at which ti 
sun strikes the earth. As a result of *this distribution of insolation > the average annual 
temperature of the earth's surface and the air near the ground decreases from the equator 
to the poles. 

This activity should afeive Lh^ u^d activity u iuv^^iig.Li^i^ i^i >u<i fc 
to solar energy* A basic understanding of the f actors^£|iat afftct the intensity of the 
sun at a given point on the earth's surtae^ makes it possible for to collect and makv 
efficient use of the sun's energy. 

Hints on Gathering Materia id 1 

Several weeks beiui^ li*^ ii i i ^u^ 1^ ^ia»nw,J> puit. i^bt ^l^li alb ^de j 

seek help from the industrial arts teacher in putting ihe appafc*, us 
together. 

Build siVeiui u,ujfej ;t 

Suggested^ Time Allotment 

— TWO to fou* tiajp . 
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Suggested Approach $P *- * 

" ' " ~~~ ' v % r 

Have several models built in advance. See the diagram foV modml specifications, 

i 

Divide the class Into several groups, Have each group experiment with 
different bar elevations to simulate intensity at different latitudes* 

" ■ ? 

The various career opportunities in the field of solar energy could be 
explored byt ' 

1« Researching , literature pertaining to solar energy, 

2. Guest speakers brought into the classroom, 

3, Obtaining hand-out material from the Department of £ u air S y 
your State Energy Office, 



Typical ReguiHa 



Once the data has been collected, recorded, aud graphed, the lull ..aug 
relationships should be in evidence i 

\ 

1 As Lhfe altitude Of Lilts light iuu^Ses Llip are*, l.^uJ L> lUs 

light decreases, 

-4, As the area COVei:64 intieaat.s the iUCeUii^ jfc, . ea^e 

3. As latitude increases Intensity decreases. 



li^h: uc. iktj... thd v^tm^ spot z?n th^ bo^rd. 



dLm spheri. c nditio^s not condu Lvm t , i * i d t.a ihi* 

will serve i he same puiQpSts, 

1 lit LifLt.i|t buaid , ; d4S OTf liiw ^ i i .j i * Lit*. .... i. is i,,, LI. .ill ,.Ai 



-ilect ... . 

Check a §Lu ifinl ! S' teSpuns b Ly ^ u £ i It-HS 

Detei:mlu@ lUs ability ot i.i,* diuJitud to c. 
real world. 
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erences 



Worhbenah^ Energy Anewet^^ Tom uean s Modern f ^landcraf t , Kansas city , 
Missouri, September-October 19 /f; pp. 30, 60*61. 

Intermediate Minimum Property StmuiaX'ds far So lor Heating ana bjm&ebi.^ 
Hot Water System^ Volume 5* United States Department of Housing 
and Urban Development, Washington, D.C\ 1977, pp. C=6, 



* ;.r*:" 



DRAFT - activity "Its 



WHAT IS SOLAR ENERGY? 




INTRODUCTION 



The' growth of green plants t the haatiug?o£ Ui^ ^tm>^yi^x^ uu&, 
Indeed, life. 6n earth would not bej poasiWLe without ©neirgy^ f rom ^be aim, 
Tod#y we heat: more and iters about harnessing solar energy so Lt can bg 
us era* directly by man to produce electricity, to^rim machines and s to freac; 
and cool u^jF &uiT dings , \ It is. 'b'e coining more and *ni3re inportknt ,to 'under ^ 
s tand edlarfseneVgy . ' " t ' * ' " " & , 



vj^ in/th: 
of racMtant energy* 



In/tHl^ activity you will learn about some^ of the characteristics 

5%, 
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At the ^eomplL^ipnydf ' this activity, vou should be a^4e- 'tifiWftj* 



. ., 4 



o :li§^r%he types of radiant Energy in the electromagnetic; 
; f spefct?um from shortest wavelengths to the lowest ^ ' * : 

"". "V^b-' ■ ■ ' ! . . - ; r.--. : v - .'■ '. v.'v -V 1 - , ^ 

b ; explain how radiant energy in the/ electromagnetic spectrum 9$ 

; - v > is used by mart or how ^t: af fee t s man; * : # ! ^ V- 

- . • : . * X ■ ;"■ .'. • .* 

,0 list the typhis of solar rafliant energy that reach the'- 

'•••> surface 6f the earth. 4 ..■.,'=,•. 

-. . . . .. 4 • , '• ■; * ; .\ / . ; '** ' * ., t 

w Ov7- construct* a graph that shows the distribution of incomi'tfg , m .^ t 
* solar radiation., / . " • • =, * 11 ' ♦ , # 



is-. 



SKILLS AND KNOWLEpG&YOU NEECX 



Hoy to use science reference^, books to locate information on 



solar energy topics, 

How to use a pris% spectroseppe , ^radidmetier and laboratory 
; thermometer * "v ^ 

How to construct and interpret a line graph, 



':4 



MATERIALS 



i 

a. 



Resource #obka on solar energy* 
1 therlfemeter with the bulb pointed black, 
1 prism, > ; 6 

1 spectroscope * * = 



. 4 



1 light socket with a 300' watt standard ineandescenGrbulb and 
a 300 watt- infrared bulb. ■{ ••• - — — 

1 fluorescent light- sdlircei, T ■ 

1 jar of water* (each- group mutp ^ have a jar the same sip^) 



.1 
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METHOD * • • : : 

i ' ■ : '.^V."" ! DIrtct sunlight through a>tnrism |onto a sheet of paperl Draw 
V. V a labeled diagram to desotibe what you observe. V : 

2. Use reference bapks to read aboutvthe visible spectrum. Next 
to your firs£ diagtam make another labeled diagram^to show 
" /the visible spectrum shown in your reference book. . 

■ * ■. . , \ "Y ' ■ , * . ■ ■ : , - 1 ■ 

3- Pointy your spectroscope to the sidja - of the sun and draw a 
labeled diagram of *what yoi observe * NEVER LOOK DIRECTLY 
AT THE SUN EVEN THROUGH A SPEGWQSCOPE, Point your spectroscope 
toward a fluorescent light and firaw a labeled diagram of what you 
observe* - ■ " • 

a. Place a black bulb thermometer on . the , lab counter and ', 

hold a 30 Ql watt incandescent lamp * . 5m directly above 
; theS^lack bulb for 5 minutes* Record fcHe temperature* ' . \ 

" t Allow t^ to_ room temperature and 

fcheri repeat tfip same procedure using a 300 watJC infrared 
- ''bulb . * Record the temperature at the end of * 5 minutes, * 

* ■ >v ; .-■ ; ; * . . \ . . . 

* Use reference books to locate a graph' showing the intensity - - 
and type ot-solar radiation that reaches the earth and 
record* the information in your notebook. Plaefe a copy of thm § 
-grapl> in* your notebook. * *- ^ ' - • w 



WOKINGlACK, 

' The story of solJar energy begins when the nuclei of 4 hydrogen 
atoms join, to form a helium atom 'within the core of the sun/ The enormojus 
^amopttt of energy, released by the nu^ear fiusion reaction heats^ elements ^ 7 
the surface t>f the sun.- These elements u give off the different forms 
o# ..radiant energy ^ found in the eleotrdmagnetjac spectrum, . % 

* ^ Some of the harmful solar radiation is absorbed by the earths 

atmosphere before reaching the earth's surface*- Ultraviolet , visible 

• % M*ght and infrared radiation eventually reach the earth's surface, 

* * • *. ^ 

_ _ . v ^ e next chapter iti' the solar energy story concerns itself with 

*wKat 'happens to f the solar energy once it reaches the earth, ^ 

QUESTIONS ' * ^ « • . 

' _ 1- What, evidence,. have you seen that suggests sunlight contains 
. dif ifereht " t^es of radiant enfergy? ' 



2\ 



Describe ways £n jkich jrp'ur two diagrams are alike . Should 
they be about ^theHstameT* * s 1 

Compare the ^color pattern of smilight an^ the fluoresoent 
light. How are they different? Do all light sources giv© 
off the same- type oj Adiant energy? 
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5v ,Ref#r to your graph -^The distribution of the isiiti'* energy 

k ^ reaching the 'earth is about 5% in the ^ ' ■ " .■ ' region, 

40% in the , v ■ ~ = region and 55% in the 

•'region*' -/ c '■ : ' ■ '-y/ 



GOING FtiRTHfR 



Mad further to* find out how th£« sun produces its energy . 

^k^yy y . •. ■ ". v • • „ .. ~ ~ . . . 

Resea^^l^^ being conducted to use here on earth the /same energy- 
*WWWft roQ&33 > fusi - on > that takes place on the sun. What 
tflj^-ilatest developments in fusion research? 



are 



i./ 
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WHAT I S SOLAR ENERGY.? 



Suggested grade Level and Discipline 

7-9 Science 
, ^ Iwth Science \ , 

Physical Science ■" , 




round Information v 



Some background Information about how radlablt* energy is parodied on the 
sun is appropriate* . v , , . . . . \ - -a '- - - 



gasfpjjf « Helium makes i 
one jpercen£ Is itade J 
weight of all the 
This ijfessuje ^s, 



*\ The sun is made dp of a very large amount of different 

up 25 percent of. the sun's mass; hydrogen gas makes nip 74. percent ; 
up of small amounts of all the other known chemical elements. *-fhe 
matter in the sun .creates a great pressure wj thin t tie" sun^s core, 
nearly bin t billion ^imes ttie air press^rT atv the earth.' s surface , 

. . ? ' " 9 ' # - * 

Such high pressure and temperature cause four-^hf drogelfi nuclei to joijn aA 
form a- helium nucleus, this process of small nuclei joining to flbrm a single lifter 
he'lium nucleus is called fusion, ffit is *th±s process pi hydrogen fusion that starts / 
the formation of solar energy* & ' * 

The helium that <jis produced ^jhas a little less mms tMn therfour hydrogen 
nuclei had together'. The small amount ©f the missing hydrogen mass seems to be 
changed into 4 large amount of energy, £ ^ 



means that radiant energy 



v _. „ This change ofpmass to, energy- takes place^eep ^side the sun. The energy 

produced injide the sun makes it s^ way to f the^surf ace # At the surface, gases absorb 
the energy and become hot and givfe of 1 radiant eneflgy, Radiant energy travels away 
f|pm the sun at a speed or 186,000 miles per seeold, 
traVelp from the sun to the earth in about 8 minites 

- ■ ' J . ' ,, . » 

ft / "' 
The sun sends out, radiant ener^r of all kinds. Most of the energy leaving 

the sun is in the form%f visible light and, infrared rays, - Together they account for 
more than 90 percent of the energy produced [by the sun* Most of the remaining 10 
percent As, accouhte^for b^, ultraviolet *ays\/ x-rays , and s^mma r;ays, Not all of the — 
sun's radiant energy .reaches th<i* earth's surface. The earth 's fatmosphere absorbs . 7 
harmful x-rays , gamma rays and most of the ultraviolet,, ray The solar energy that - 
does reach the surface of the earth is visile light for thaYmost part, A small amount 
is in the form of .infrared' and ultraviolet rays, ■ 



4 
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Kings oh Gathering Materials 



A wall chart of the electromagnetic speeti 
charge from General Electric Lamp Divisle 



be ordered free of 
.Park, Cleveland, OhUr. 



ERIC 



80, 




25-6 



Siiggea t ed Time Alio tmen t 

- ;■ 0n# period to complete M^JHjtf £tep 1 and 2 

- 0ns period to complete METHOD step 3 and 4. 
7- s .5t' One period Co complete f^THOD ste P 5% 

Suggested Approach .'41. ■ * 

■■ ■ •. 2 • ' ' v -.- ■ . ^ 

- Relevancy* Lecture - Peacribe ways in which a knc^/led, 

* important ' to students 1 way of life* V, ■ .< ••tfefift'. J 

,., : ^ . . . "j ... . : : r - 

Overexposure 4- skin cancer * sunburn 
Energy source for natural systems - weather £ 
Limiting factor for human activity t available^ 
harnessed by . has implications for e; 

,. .... - / change ..of - lif e Jb ty le. or.-new- ways, jfor harm 

Students name each^jiype of energy in the electroiqagrj^ 
use by or effect ^n* loan. C cosmic rays ^ x-rays » ultrft 
light , infrared, ao$> radio waves); 



a. 

c. 




unu and its' ^ 
ayp ? visibly ■• -^i 



the sun . 



After METHOD step * ,J^usi an overhead fe^nspareni^witii jaV^p^ -showing 
distribution of incoming, radiatio: 

Have students plan an experiment 
group will be provided with a the 
and a™Jar of water. The object will 
water "temperature the most using j^nly 




-••-J"- 1 '--' ••• " ;^r' : ^-W ' ' •; ;, v > .V ■ • | 

a, f(8t water, e^n-jes # B^ch ! lafc .6 :^ 

a 300 waCt ltfccOTde^ceAt bulb *>/lv 7 ^ ^ 
sea T which gr^upS&m raise the / \\- ^ 1 
bulb as a sou^c^^^reftergyy They may v .>. 



do research ani bring in other materia^* Jlave ; itiidat^ii^ketp a i^t^;| 
record of their plan. On ^a sunny d%y*£>theJstoJs^e^ 

for the electric light bu£b. *•• *. •"•'•'V V '* <\.Jv]!\r* ;,. ? • ^X*''* : 



Typical Results 

i - 

■ * - With good techniqu 
results to identif 



e ^the aet|^g^es ihoi^^llusira^ tj^%?dondepts V Monitor 
y ,er r or s^SSSfl^- '.' 4 . •• v 



Precautions 



• H 1 

«4 



Rtern students about c Le<U.in.^il , iuj.::avdh 'and heat- frcm-l/tmpn. 
■■* Po, not - looSdirectly at, the. sun Irtih thg ,spM,oirosoi^t '.' ..^L. 



15. 
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' * ;; "v 




;7 : r> ? . Zt> vtoBOutciyt'mxth&Qfa: are * no t aVaiAableY lecture or f iitDstALp, . ^/; ,! v~*v 
^ V.t'.'V. yi - • > ,\ ;'-^£ab .actiyitiek couldi be pmvi ©rmsd as teacier H jKft^irationfl • > 



•'• V ''Vi 



■j 



^ tfy^S 1 * ' K.^a^® working ^ectini.^u^a ^ and abili^r. to 'foUow^ 



^; - • 4 Collect T ^lid; grad^l an^Werk- to questions - ; t ■T. 

- • ■ » ■ 1 • '■ ■ ■ 



,, * ,,v , Administer a >t.esjt ijased. on the perf ornane'e objectives^ ^ 



Maces. .7 



•> i'drtft. S&ietiee Workbook*; 'Conatuntine Cour.tant and S.L. Gfiffner.,' XAmseqp? , p* 



Sphpol f 4ibllQati6i?is: t t New : York> , ; 1972 v- 



Job; triquivy: fexpyEarifc Science * Sdiaf ord M. . Eislve, M. Stock an3 iffi^. Disahtis, "-- 



(Cambridge Book Cbmpany >; New Yoijc) , 1973. 
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